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FOREWORD 


By James Lieberman 
Communicable Disease Center, Public Health Service, Atlanta, Ga. 


This monograph comprises a publication on comparative medicine that 
should prove useful to the professions of the medical sciences. 

An editorial that appeared in The New York Times (September 12, 1957) 
said in part of the conference on which this monograph is based: “The relation- 
ship of animal disease to human welfare, although recognized through the ages, 
thas not been explored as thoroughly as it might be. There is a tendency to 
Horget that the dawn of bacteriology emerged through the pioneering efforts 
-of such men as Louis Pasteur with his work on anthrax, a disease affecting lower 
sanimals as well as man.... 

“The conference is a ten-year progress report on the ‘zoonoses,’ the category 
wof diseases of lower animals transmissible to man. Diseases such as psittacosis, 
"brucellosis, cat-scratch fever, toxoplasmosis and a host of others will be re- 
viewed with accompanying progress reports on methods for their diagnosis and 
control. Other diseases not included in this category will be discussed from 
the standpoint of their possible relationship to similar conditions in man. For 
example, pulmonary adenomatosis, which has been decimating sheep flocks 
in many areas of the world, has several factors in common with lung cancer in 
humans.” 

Although the subject of this monograph can hardly be dealt with adequately 
in a publication of this size, perhaps it will be agreed that the subject matter 
selected illustrates the inseparability of those diseases that affect both man and 
the lower animals. The contributors to these pages have not been concerned 
solely with the acute communicable diseases, but have ventured also into the 
comparative pathology of several of the chronic diseases and the chronic se- 
quelae to infectious diseases. There are special papers dealing with global 
activities in this field and with biological warfare. In each instance topics 
are discussed by persons well versed in their respective specialties. Limitations 
of space alone have prevented amplifying the scope of this publication. 

In a very broad sense, comparative medicine and its subspecialties have been 
commented upon since the Biblical era. Medical and veterinary texts have 
devoted much time to this subject, but one of the first sessions devoted to 
The Relation of Diseases in the Lower Animals to Human Welfare was sponsored 
by The New York Academy of Sciences in 1946; these proceedings were pub- 
lished by the Academy in April 1947. It is expected that this volume will 
supplement, rather than completely supplant, the earlier publication, and that 
it will clarify and bring up to date many concepts understood imperfectly or 


not at all ten years ago. 
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Introduction 


ANIMAL DISEASES: THEIR RELATIONSHIP 
TO THE HEALTH OF MAN 


By J. D. Martin* 


Section of Epidemiology, Louisiana State Department of Health, New Orleans, La. 


Significance of the Relationship of Animal Health to Human Health 


The health of humans is inextricably related to the health of animals. Rec- 
ognition of this fact dates to antiquity, but the closeness and full significance 
of the relationship is just beginning to be seen in its proper perspective. 

Diseases, both human and animal, gravely influence man’s affairs. National 
and international, and also personal health and welfare are dependent, to a 
large extent, upon the prevention of disease. The need of the United States 
to be prepared for any eventuality poses a problem for today and tomorrow, 
and such preparedness requires healthy citizens. This is secured by a healthful 
economy and, in addition to other public health measures, an adequate supply 
of safe, wholesome food to meet the world’s peacetime and wartime needs, as 
well as an adequate system for its distribution. The achievement of this state 
of preparedness, possible only when men and animals are healthy, will be at- 
tained only when people become aware of the problems confronting them and 
when they apply all available knowledge and skills to resolve these problems. 

More than 200 diseases of animals are communicable; almost half are known 
to be transmissible from animal to man. There are also more than 100 different 
parasites that affect both man and animals. 

As investigative methods improve, the number of disease entities due to 
hitherto unidentified infectious and noninfectious processes will increase steadily 
and will continue to increase as man applies himself to a study of his nature 
and his environment. 

In addition to the direct effect of animal diseases on human health through 
the impact of infectious diseases transmissible to man, human health and well- 
being are also significantly influenced by animals through the food and raw 
materials-derived from them, through recreation and sports associated with 
them, and through the opportunities they offer for research into basic problems 
affecting man. Animals serve man as food, pets, beasts of burden, and means 
of transportation. At times they also affect him as enemies intent upon his 
injury or destruction. 

The interrelationship between animals and man is intimate, significant, and 
far reaching. If man is to continue to improve his health he must recognize 
this relationship, study it carefully, and apply the knowledge gained. 


Historical Recognition of the Relationship 


Man’s knowledge of this relationship of animal disease to human health 

dates from antiquity. Control measures were developed even before the rec- 

* Present address: State of Louisiana Department of Public Welfare, Baton Rouge, La. 
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»ognition of the infectious nature of some of the diseases of animals transmissible 
to man. 
The Bible tells us that Abel, the son of the first man and woman, offered of 
his flocks to the Lord. This account, with that of Adam and Eve in the Garden 
of Paradise, indicates that the relationship of animals to man was recognized 


from the earliest days of human existence. 


Study of the history of diseases and their manifestations strongly suggests 


that indubitable evidences of human disease! appeared almost synchronously 
with the first manifestations of human life on the earth. 


Mettler? expresses doubt that particular etiologic agents of specific diseases 


have ever been completely absent. He quotes Moodie’ as saying that ‘“‘parasi- 
tism is a most antiquated mode of life and has been proved to extend as far 
back as the paleozoic period.” 


In Biblical times the capture of the Ark of the Covenant by the Philistines 


was associated with an epidemic, probably bubonic plague, that killed 50,000 


Bethshemites alone. That true bubonic plague was recognized from very 


ancient times appears probable, as the association of rats with disease of bubonic 


nature is also indicated in the cuneiform writings of Babylonia.’ 
A celebrated passage in Susruta‘ is interpreted as indicating that early In- 
dian medicine had knowledge of the relationship between mosquitoes and ma- 


 Jarial fever. A warning to abandon a dwelling when its rats act queerly and 


die also suggests to Castiglioni' that the ancient Persians and Indians suspected 
the relationship between plague and rats. 

Bubonic plague and louse-borne typhus probably were known to the Romans 
also. History suggests frequent epidemics of bubonic plague with thousands 
of persons dying, and Castiglioni tells of the pestilence, called the Plague of 
Antoninus, or of Galen, that lasted from 164 to 180 A.D. and was probably 
louse-borne typhus, although it could have been bubonic plague. Historically, 
the diagnosis is still uncertain. 

There is evidence, too, that throughout the classical Greek period numerous 
endemic foci of plague and malaria existed. 

We also find in the Bible an account of a disease that, in the time of Moses, 
destroyed all the beasts: horses, asses, oxen, camels, and sheep. This disease 
could have been anthrax. 

Rabies was one of the first recognized zoonoses. Kelser® quotes Aristotle 
as writing, in the Fourth Century B.C., that “dogs suffer from madness which 
puts them in a state of fury, and all animals which they bite when in this condi- 
tion become also attacked with madness.” 

Malaria, too, has been known from ancient times. Frightful epidemics of 
malaria wreaked havoc in Rome in the later periods of the Roman Empire, 
and the people associated malaria with swamps and drained them in an effort 
to control it. 

Tsutsugamushi fever, or mite typhus, is believed by Williams® to have been 
recognized as an entity since the Sixth Century A.D. Blake and his co-workers’ 
believe that it afflicted the natives of south China in the Sixteenth Century. 

Epidemics of louse-borne typhus have probably occurred everywhere and in 
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every period of history where people have lived under crowded, unsanitary 
conditions. 

As urbanization developed in the medieval period, the city, which was such 
an important factor in economic prosperity, became an equally important 
factor in the spread of disease. The crowding of people into cities and the 
almost constant military conflict between these cities, with the resultant move- 
ment of armies, spread disease everywhere. The most serious of the diseases 
thus spread was bubonic plague. Zinsser* quotes J. F. C. Hecker’s estimate 
that at least 25 million people died in Europe of this disease during this period. 

The development of cities also resulted in the adoption of laws to protect the 
health of mankind. During the Dark Ages, history is silent about sanitary 
regulations concerning animals and animal products until 1350 A.D., when 
John II of France established sanitary police as a governmental instrument.’ 
Two of the functions of this regulatory force were to keep hogs out of cities and 
to prevent butchers and fishmongers from selling spoiled meat and fish. After 
1350 A.D., step by step, the sanitary regulations that presently protect man 
were developed. 


Impact of Animal Diseases on Man 


Animal diseases directly and indirectly affect man’s physical, mental, emo- 
tional, social, economic, and political well-being. The direct impact is evi- 
denced by the morbidity and mortality resulting from animal pathogens that 
infect man. The indirect results are shown by the effect of animal diseases on 
man’s economy, his recreational activities, and his social and political aspira- 
tions. 

To estimate the number of persons who annually become ill or die as a result 
of infections transmitted by animals is well-nigh impossible. Even in the 
United States many of these conditions affecting man go unrecognized and 
unreported. In less fortunate countries, where these diseases are more com- 
mon, reporting is usually even less reliable, so that attempted estimates of 
morbidity or mortality would probably be greatly in error on the conservative 
side. 

As one studies the staggering total of deaths and hours of absenteeism due to 
zoonoses, by comparison the deaths and disabilities resulting from wars appear 
negligible. Accurate statistics are not available, but it is estimated that 21 
million persons died of influenza in the pandemic of 1918 and 1919, while 700 
million more were made ill. Whether or not this pandemic can be traced to 
animals we shall probably never know, but some persons believe that the in- 
fectious agent that caused it was the swine influenza virus. During and follow- 
ing the Balkan wars and World War I, typhus fever appeared in epidemic 
form in all the countries of eastern and central Europe. It is estimated that 
at least 1 million persons died in these countries during and following this world 
war.) j 
_ In our own country yellow fever made its appearance in the late Seventeenth 
Century. In 1907 Carroll!' estimated that yellow fever had caused 100,000 
deaths in the United States since 1793. 


The epidemics that decimated the Indian peoples of Mexico and helped to 
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destroy their civilization could have been due, to a large extent, to yellow 
fever, bubonic plague, or typhus fever. According to the writings of Padre 
Sabagun,” a great epidemic of typhus carried off about 2 million Indians in 
Mexico in 1577 A.D. 


Plague, a disease of antiquity that has caused millions of human deaths in 


the years during which it has been prevalent, is also a disease of the present. 


One of the latest epidemics of great magnitude occurred in Manchuria in 1910- 
1911, killing more than 50,000 persons,'* but bubonic plague smolders in many 
endemic foci throughout the world and, if the right conditions develop, it can 


again become epidemic or pandemic. 


Animal diseases transmissible to man are still with us. Some of these are 
capable of causing large numbers of human deaths, inestimable human suffer- 
ing, dislocation of large numbers of people, and upsets in emotional, social, and 
economic life, and of serving as a contributing factor in changes in political 
power. 

Animals benefit man through various uses. Anything, therefore, that im- 
proves the health status of animals contributes clearly to the health and well- 
being of man. 

Losses in animals affect humans in several ways: by the increased cost of 
production of domestic animals, by the reduced quantity and quality of animal 
products available to the consumer, and through diminished opportunity for 
recreation. 

In addition to losses due to the death of animals, diseases in animals also 
cause losses in milk; in meat and egg production; in hides, because of poor qual- 
ity; in work days for dray animals: in wasted feed and labor for animal care; 
and in loss of offspring in some infectious and reproductive diseases."* More- 
over, the livestock owner undergoes considerable inconvenience and the addi- 
tional cost necessary to replace the sick or dead animal. 

This inconvenience and cost is not borne by the livestock owner alone, how- 
ever; it is also borne by every man, woman, and child everywhere, in increased 
taxes and increased costs of food, food products, and the necessities of life 
derived from animals. 

The United States Department of Agriculture estimates the annual livestock 
loss from all causes in this country at more than 2 billion dollars a year.” 
About one half of this loss is due to parasites. Animal death losses from all 
causes in the United States in 1954 included more than 1.5 million cattle, 2.5 
million calves, 4 million sheep and lambs, 10.5 million hogs and pigs, 235 mil- 
lion chickens, 7.2 million turkeys, and about 250 thousand horses and mules, 
together with an unknown number of goats, fur-bearing animals, domestic 
rabbits, and miscellaneous poultry.!® Losses in the United States each year 
are staggering and, in many instances, unnecessary. In addition to losses on 
the farm there are others, not counted in the preceding statement, such as those 
resulting during transportation from the farm to the market, in processing and 
packaging plants, and from the condemnation of carcasses, hides, edible offal, 
and other by-products, in whole or part, because of disease or parasites. If we 
add to the costs of the obvious and hidden losses the cost of controlling or pre- 
venting diseases and parasites and the cost of protecting the public from un- 
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wholesome meat and meat products, the total may well approximate 5 billion 
dollars a year, and this in a country such as the United States. What, then, 
must be the cost of livestock losses to so many of the nations of the world that 
are not as fortunate? The impact of animal disease on man’s economic status 
is terrific. 

Briefly, too, it is necessary to note the impact of animal diseases on man’s 
recreational activities. Epizootics kill off many of the animals that man hunts 
for pleasure and so decrease his opportunity to pursue this sport. Certain of 
these diseases in game animals also endanger human life. 

Zoonoses also prevent the full use of several areas in the world that are other- 
wise well suited to the production of livestock. To feed the world’s growing 
population it is necessary that every acre of land available for livestock produc- 
tion be utilized. Unfortunately, much of the land in question is in poor and 
technically undeveloped countries. Rinderpest prevents the development 
of the potentially great grazing areas of Africa. Perhaps the most important 
of the zoonoses of wild animals, at this time, is African trypanosomiasis, which 
affects man, not only directly in its impact on his health, but because of its 
economic effect. Because of this disease, an area of grazing land in central 
Africa, approximately 4 million square miles in extent, remains economically 
poor.'!® This area would be wonderful range country for livestock if trypano- 
somiasis could be eradicated or controlled. Control of African swine disease in 
coastal Africa would permit hog production in Africa to become a reality, and 
this immense continent could then contribute great quantities of meat to a 
world starving for animal protein.” The problem is not confined to Africa, 
however; if mastitis could be controlled and prevented in the dairy herds of 
Europe and in the United States, milk production could be increased apprecia- 
bly. This is important, as there is a direct relationship between longevity and 
per capita income and the percentage of animal protein in the diet (TABLE 1).'8 

We who live in the United States are singularly blessed. There are few 
other places where food supplies can be taken for granted. Perhaps one half 
of the world’s people exist on diets that are nutritionally poor.!? Protein mal- 
nutrition is found wherever animal diseases and parasites are uncontrolled. 
Clarkson” says that the average person in the world usually has less meat in a 
year than most citizens of the United States eat ina week. This is, to a signifi- 
cant degree, the result of uncontrolled parasitism and animal disease. 


Extent of the Problem 


The problem is steadily increasing in magnitude. About one half of the 
people of the world are on deficient diets. These people need animal proteins 
yet, unless a concerted effort is made to bring all of the world’s technical knowl- 
edge, skills, and financial resources into play to control animal diseases and 
parasites, the present problem will be even greater in the future. 

To supply an average family of four in the United States, three tons of food 
a year are required.'’ More than one half of this is meat, eggs, poultry, and 
dairy products; in 1956 25 per cent more of these animal foods were consumed 
there than in 1935. The United States has only a small percentage of the 
world’s peoples, but its farms produce one third of the world’s recorded yearly 
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stotal of 80 billion pounds of red meat and one fourth of the 500 billion pounds 
eof milk.” 

The world’s population is increasing steadily. These people must be fed 

adequately. To produce the necessary food, resources the world over must be 
watilized to the fullest for the production of livestock. To accomplish this, 
yparasites, pestiferous insects, and vectors of disease must be controlled and 
peradicated. Such an achievement would contribute greatly to better health 
sand improved standards of living for all the people of the world. 
All animals, domestic and wild, are infested with parasites that contribute 
~to man’s burden of disease. In some areas parasitic infestation is so great that 
-man’s struggle against these organisms is part of his struggle to survive. Con- 
trol of parasites, therefore, should be one of man’s goals. Fortunately, it is 
-an attainable one. 

The fight against animal disease is international in scope. Sometimes the 
battle against disease must be fought by a nation outside its national bounda- 
ries. An example of this is the successful campaign that the United States has 
just waged in Mexico, at a cost of more than 134 million dollars, to eradicate 
foot-and-mouth disease.!® The Mexican government spent a similar large 
sum of money in this fight,!® but foot-and-mouth disease is now under control 
in that country. The vast meat resources of Uruguay and Argentina are also 
barred from the United States because of the danger of importing the same 
disease.'® 

The problem of animal disease and human health has another very serious 
implication. Today, in this world of stress where nations align themselves 
against one another, the threat of biological warfare is no longer just a theory, 
but a real possibility, and a number of the agents that cause animal disease are 
adaptable to biological warfare.’ It behooves us, therefore, to become in- 
creasingly aware of this danger, to become familiar with the clinical picture of 
these diseases in animals and man, to be ready to apply necessary control meas- 
ures and, in the meantime, to work to develop faster and more accurate ways 
of identifying agents of disease and of producing and using immunizing agents. 


Research 


The advancement of medical knowledge has been and is inseparably linked 
with animal experimentation. Experiments on animals have led, and in the 
future may be expected to lead, to great benefits to man and to animals. Man’s 
contest with external nature is expressed in two different ways: adaptation to, 
or changing of, a given environment.” Research assists in this struggle. 

Through the centuries man has been concerned with the development of 
knowledge to cure diseases. Today science is more concerned with the de- 
velopment of methods of preventing disease by eliminating its cause. 

Great promise appears in the use of genetics as a tool for eliminating patho- 
logical abnormalities and disease. Studies with animals have shown that 
certain characteristics can be bred in or out of animals and that certain animals 
have a genetic, or natural, resistance to specific disease.” Such studies must 


be continued. - 
Research into the effect of environmental factors is important also in the 
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study of health and disease. Because of their relatively short lives and their 
expendability, animals lend themselves readily to use for research involving 
generations or serial studies. - 

Many of the diseases to which man is heir, such as abnormalities of growth 
and development, metabolic and nutritional disorders, poisonings and infec- 
tions, also occur in animals. Research into the nature and control of animal 
diseases can precede and be a pattern for similar studies in related human dis- 
eases. 

As far back as 40 B.C. Celsus?! foresaw that clinical work with animals would 
later find a place in the practice of human medicine. This observation was 
emphasized by Galen 200 years later, but progress along remedial lines was 
slow and halting for centuries and, at the end of the Eighteenth Century, in 
spite of early descriptions of animal plagues, knowledge of animal diseases was 
still in the folklore stages.2!_ Louis Pasteur, Robert Koch, Theobald Smith, 
Sir Alexander Fleming, and others in the late Nineteenth and early Twentieth 
Centuries opened the door to modern medical science. Mohler*! has aptly 
pointed out that the bacteria, viruses, parasites, and toxins that cause diseases 
operate in accordance with established laws, and that the knowledge gained of 
the causes of disease is not dependent on the nature of the academic degrees 
possessed by the research workers or practitioners who do the studies. Rather, 
we must agree that we are concerned instead with a worker’s competence, 
integrity, and ability to apply the knowledge he develops. Many valuable 
contributions to human medicine have been and will continue to be made by 
allied disciplines, especially that of veterinary medicine. 

A study of the effect of the ingestion of vegetation and meat by animals may 
pave the way to a better understanding of the effect of such foods on man, 
We must know the effect of vitamin- or mineral-deficient food or foods that 
have taken up an excess amount of chemicals from the soil when ingested by 
animals and humans. This last is particularly true in this day when so many 
chemical poisons are being used. Study of the effects of the ingestion of these 
foods, and of foods contaminated with insecticides, fungicides, pesticides, and 
drugs may give us a better understanding of the way in which food control 
should be developed. 


Spread of Disease 


There is a need, too, to study the potential of the spread of disease today and 
in the future, and to establish adequate methods to prevent or to control this 
threat. Today, when the most distant parts of the earth are only hours apart 
by air travel, it is possible for a person or animal in the incubation stage of a 
disease to leave a country and arrive in another country half the world away 
before he manifests clinical symptoms of the disease. This greatly complicates 
the problem of controlling infectious diseases. 

Disease control is further complicated by insects that spread from place to 
place in various ways.” Flies and ticks are carried on commodity shipments. 
Lice, mites, flies, and cattle-grub larvae remain on animals during shipment. 
The larvae of flies are transported in straw and manure. Lice and ticks are 
spread by contact. Moving livestock to new ranges or feed lots further spreads 
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many of these pests. Man aggravates the problem by himself becoming 
the transporter of destructive pests and pathogens from farm to farm, state to 
state, nation to nation, and continent to continent. 

Changing environmental conditions also favor the establishment of new 
pests and insect vectors of disease. 

The movement of livestock to auction barns and agricultural fairs has 


augmented the spread of insect pests, favored the transmission of communi- 
cable diseases, and increased the spread of parasites. 


Rodents and other wild animals and birds periodically migrate in large 


numbers, and carry dangerous insect life and parasites with them. Wherever 


trade moves, rats follow and, with the rats, the diseases commonly associated 
with them. In addition, many other wild animals (for exainple, the hamster) 
and wild birds are moving in commercial channels to be sold as pets. Each 
of these is a potential source of human disease. 

Van Houweling™ tells an interesting story that highlights the increasing 
problem caused by today’s transportation systems in the spread of disease. 
Tn 1843 a New York milkman, Peter Dunn, bought a milk cow from the captain 


of the Washington, a British ship. It seemed to Dunn that he was getting the 


cow at a big bargain. As it turned out, however, this cow was just as expen- 
sive as the famous cow of Mrs. O’Leary, which supposedly started the fire 
that destroyed one third of Chicago in 1871. Dunn’s cow introduced con- 


- tagious pleuropneumonia into the United States and cost our livestock owners 


a fortune before the disease was brought under control and eradicated. In 
addition, this program cost the national government 5 years of work and 
$1,509,100.72 before it was completed. Pertinent to my point, however, is 
the fact that pleuropneumonia, in spite of its contagiousness, spread slowly 
because at that time transportation was slow and the movement of livestock 
was limited. Similarly, hog cholera required 15 years to spread across the 
land after its identification in 1833, and tick fever moved across North Carolina 
at a rate of only 4 miles a year in the 1870s." Contrast these spreads with the 
speed with which, starting in California in 1952, a vesicular exanthema of hogs 
swept through 20 states in 3 months,’’ and the problem of infectious disease 
control today becomes obvious. 

This does not mean that livestock should not be moved from place to place, 
but it does suggest that only healthy livestock should be moved, and then 
only under sanitary conditions. 


Relationship to Human Medicine 


The influence that animal health exerts on human health and welfare is real. 
There is a grave need for physicians and other scientists to become much more 
appreciative of this influence so that they may be prepared to guide people 
into an awareness of the problem so that, through their cooperative efforts, 
necessary control measures may be instituted. oe 

As mentioned earlier, there is also a need for physicians to familiarize them- 
selves with the human manifestations of the zoonoses and the best methods of 


treating these diseases. - 
Research people and epidemiologists must assist physicians with studies of 
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the epidemiology of disease, with experiments to develop better and faster 
ways of identifying infectious agents and disease processes, and with better 
methods of prevention, treatment, and rehabilitation. 


Problems Still Facing Man 


Obviously, a discussion of all the problems that must be studied is not pos- 
sible, but there are several areas of research and control that should be men- 
tioned. 

Before going on to new programs we must make certain that the gains that 
have been made in disease control are maintained and extended. 

Every effort should be made to free our hemisphere of foot-and-mouth 
disease. Eradication of rabies and brucellosis is a goal that can be achieved. 
Therefore, a program to extirpate rabies should be developed, and the program 
to eradicate brucellosis should be accelerated. 

The control or eradication of the infectious hepatitides of man and animals, 
of leptospirosis, trypanosomiasis, swine cholera, mastitis, and rinderpest; the 
control of occupational diseases of animal origin; elucidation of the epidemiology 
of the encephalitides; and the control of arthropod-borne diseases are some of 
the challenges facing scientists. 

As business and industry continue to decentralize their operations, the 
problem of providing safe, wholesome food from animal sources will become 
increasingly difficult because of the difficulties of supervision. 

Another problem confronting us that must be studied results from an 
advance in physical science: the development of atomic energy. The use of 
atomic energy poses special problems for biological scientists who must now 
consider and plan for the impact of this force with its radioactivity on human 
and animal health and food products, particularly those of animal origin, and 
for the control of waste products in proximity to humans and animals. 


Conclusions 


The health of animals and the health and well-being of humans cannot be 
separated. The animal kingdom has influenced civilization through the ages 
and will continue to do so. Since food and other products of animal origin 
are among man’s basic needs, animal diseases are a constant threat to the health 
and welfare of mankind; therefore they must be controlled or eradicated as 
quickly as possible. Once high standards of animal health are achieved they 
must be maintained as new efforts are exerted to extend and improve them. 

The control of disease in animals and man requires the integrated efforts of 
scientists of all disciplines working in harmony with the public health services, 
the animal health agencies, and the public information services. 

To assure an adequate control of each individual disease, procedures should 
be developed to assure proper identification of the disease and the reporting 
of its occurrence to a central agency. Studies should be developed to identify 
the weak links in the disease chain so that these may be broken and the disease 
eradicated. All groups interested in animal health and in human health and 
welfare must join together in sharing attitudes, knowledge, information, skills, 
methods, and plans to eradicate the great animal plagues that affect man, 
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and to share in the prevention of the problems of tomorrow that will result as 
man either adapts to or changes his environment. 


Summary 


This paper discusses the relationship of animal health to human health and 


welfare. The ways in which animal diseases affect man, the uses that man can 
-make of animals as he studies human diseases, the reasons underlying diffi- 
culties in control and some new problems that man can expect to face are 
presented. Finally, it is pointed out that only the harmonious efforts of 
scientists and laymen can cope with the challenges to human health and 
welfare resulting from diseases in animals. 


- oe 
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Part I. The Viral Encephalitides 


INTRODUCTION 


By William McD. Hammon 


Department of Epidemiology and Microbiology, Graduate School of Public Health, 
; University of Pittsburgh, Pittsburgh, Pa. 


The topic of this portion of this monograph, namely, viral encephalitides, 
requires some qualifying comment that should serve as a brief orienting intro- 
duction. As one who has worked a long time in this field, the provision of 
such a commentary is my prerogative and, possibly, the one useful contribution 
that I can make at this point. 

“Viral encephalitides,” is altogether too broad a term for what is to follow. 
It could include such varied maladies as rabies, mumps, herpes, lymphocytic 
choriomeningitis, and others. Perhaps a more inclusive term would be 
‘“arthropod-borne virus encephalitides.”” This term was introduced by W.C. 
Reeves and myself in 1943!:? to take the place of a miscellany of names that 
seemed inadequate in view of the knowledge then available. 

This name, now in common use for fourteen years, has, I regret to say, 
outlived its usefulness. Newer knowledge has indicated that dengue, yellow 
fever, Colorado tick fever, West Nile fever, and Sindbis fever are diseases not 
ordinarily associated with encephalitis in any recognized natural host and are 
closely related with the former group either antigenically or by other valid 
criteria. The agents in this broader group are now quite commonly called the 
arthropod-borne viruses, omitting the term encephalitis, and abbreviated as 
arbor viruses. This appears at first to be a reasonable step, but many of us 
have objections to the shorter term and, particularly, to its abbreviation. 
Use of the term arthropod-borne viruses is not restricted to viruses capable of 
producing human disease and including swamp fever of horses and many 
other maladies. I feel that the abbreviation is most unfortunate, and I hope 
that its use will not spread. The objection is due to the fact that the abbrevia- 
tion happens to form a Latin word, and in international usage will certainly 
be misconstrued by many to have significance as a tree rather than as an 
abbreviation for arthropod-borne. Furthermore, a subgroup, of which I am 
chairman, of the Virus Subcommittee of the International Nomenclature 
Committee* is now searching for a suitable, short pseudogeneric name such 
as poliovirus and myxovirus to apply to this group, and the concurrent use of 
arbor virus again would be confusing. The new, officially accepted name may 
well turn out to be an abbreviation of arthropod and, possibly, zoonoses. 
One of the common features of this group of viruses is that they are not only 
arthropod borne, but are dependent for survival in nature upon a viremic 
vertebrate host, generally one lower than man, with man usually serving only 
as an accidental host and not as the true reservoir. Thus, they are viruses of 

* The recommendations of this subcommittee appear in the International Bulletin of Bac- 
terial Nomenclature and Taxonomy, published by the Iowa State College Press, Ames, Iowa. 
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arthropod-borne zoonoses, not “‘tree’’ viruses or plain arthropod-borne viruses. 
Since they are for the most part, if not entirely, zoonoses (for example, we are 
not certain regarding the endemic, basic cycle of Phlebotomus fever and a few 
others, but this may be parallel to the situation of yellow fever before jungle 
yellow fever was discovered), I am now inclined to suggest the epidemiological 
group name of arthropod-borne zoonoses for as many as are known to qualify, 
and to wait for the nomenclature committee to agree in the near future on a 
pseudogeneric short name, probably with a Greek or Latin derivation. 

I feel it timely to point out that this monograph, particularly this section of 
it, deals principally with a few of our own domestic viruses that belong in this 
group of arthropod-borne zoonoses. These are only a very few of those known 
the world over, a group in the process of antigenic classification by the hemag- 
glutination technique that Jordi Casals and his colleagues at the Rockefeller 
Foundation virus laboratories, New York, N. Y., are now pursuing with results 
of great promise.’ 

In the pages that follow are presented reviews of previous work and sum- 
maries of certain current work in this field by well-selected investigators from 
the staffs of the Communicable Disease Center of the Public Health Service 
at several different installations and by the New Jersey State Health Depart- 
ment, Trenton, N. J. 
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THE NATURAL HISTORY OF THE ARTHROPOD-BORNE 
ENCEPHALITIDES IN THE UNITED STATES 


By A. D. Hess and Preston Holden 


Communicable Disease Center, Bureau of State Services, Public Health Service, Atlanta, Ga.* 


Over a decade ago Bates (1946) pointed out the importance of the “natural 
history” viewpoint in investigating the mechanisms of maintenance and disper- 
sal of a disease, as compared with the sometimes more restricted concepts of 
“epidemiology” and “ecology.” This is particularly true for diseases such as 
plague, yellow fever, and the encephalitides that have arthropod vectors and 
wild animal hosts as reservoirs. These diseases have enzootic cycles by which 
they are perpetuated in nature independently of their transmission to man. 
Determination of the basic factors responsible for their perpetuation requires 
coordinated field and laboratory investigations by individuals trained in many 
disciplines, including epidemiology, biology, ecology, and immunology. 

In any field involving such a variety of disciplines it is inevitable that there 
will be differences of opinion with regard to terminology. In order to avoid 
confusion, the following definitions are given for some of the principal terms 
used in this paper: 

Host: an animal (vertebrate or invertebrate) that is susceptible to infection 
with the disease organism (virus). 

Inapparent host: an individual in which the virus produces no clinical mani- 
festations of disease. 

Apparent host: an individual in which the virus produces a clinical syndrome. 

Reservoir: a host that serves as a source of infection for other hosts, including 
vectors. 

Dead-end host: a host that does not serve as a source of infection for other 
hosts or vectors. 

Vector: an arthropod or vertebrate that transfers infection from one host to 
another. 

Sylvan vector: a vector that transfers infection from wild host to wild host 
(synonymous with “enzootic vector’’). 

Endemic or epidemic vector: a vector that transfers infection to man and/or 
domestic animals. 

Infection chain: the course of transmission of the virus from host to host 
(in temperate climates there are both summer and winter infection chains). 

Transmission cycle: a cyclical infection chain in which transmission repeatedly 
follows the same type of course. 

Basic transmission cycle: the infection chain through which the virus is 
normally perpetuated in nature, 

Primary vectors or primary reservoirs: those that are essential elements in 
the basic transmission cycle or endemic chains of infection. 

Secondary veclors, or secondary reservoirs: those which are not essential 
elements in chains of infection, but which may sometimes be involved. partic- 
ularly during epidemics or epizootics. . 

* The authors are stationed in Logan, Utah, and Greeley, Colo., respectively. 
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Natural history of encephalitis: the interrelationships of virus, vectors, 
and hosts that are responsible for perpetuation of virus in nature and for its 
spread to man and domestic animals. 

Encephalitis (plural, encephalitides): inflammation of the brain. In the pres- 
ent paper the term encephalitis is used to refer specifically to arthropod- 
borne viral encephalitis. 

In the United States there are three principal arthropod-borne viruses that 
cause encephalitis in humans: those of western equine (WEE), eastern 
equine (EEE), and St. Louis (SLE) encephalitides. As indicated by their 
names, WEE and EEE produce clinical disease in horses as well as in man, 
whereas SLE infections in horses are inapparent. EEE also produces a clinical 
syndrome in birds, and is a serious problem in pheasant farms in some of the 
eastern states. 

In recent years our knowledge of the distribution of these three viruses has 
been expanded considerably. Prior to 1940, delineation of the geographical 
area of endemicity for each of these diseases was based largely upon the distri- 
bution of cases in man or in horses. WEE was considered endemic only in 
the central plains and the Pacific coastal regions. EEE was believed confined 
to the Atlantic coastal states. Epidemics of SLE in man had been known only 
in the states along the upper Mississippi and lower Ohio valleys. Since 1940, 
however, our concept of the respective distribution of each of the three agents 
in nature has been considerably altered because of the isolation of virus from 
mosquitoes, the detection of inapparent infection, and the occurrence of clinical 
cases (FIGURE 1). We now know that, although WEE occurs primarily west 
of the Mississippi River, it is also present in some states along the Atlantic 
and Gulf coasts, as evidenced by antibodies in vertebrate hosts and recoveries 
of virus from wild birds and mosquitoes (Holden, 1955a; Alexander and Murray, 
1957; Kissling ef al., 1955). SLE occurs in conjunction with WEE in the 
states west of the Mississippi River, but it also has an important extension 
into the central states. EEE occurs in the Atlantic and Gulf coast states 
from New Hampshire to Texas and as far inland as Wisconsin. 

It is believed highly improbable that these three diseases have spread to 
new areas during recent years. Much more tenable is the belief that the 
infections have existed in the same general geographical areas since antiquity. 
This does not mean that there have not been local extensions into areas in 
which the viruses were previously not present, as for example in the millions 
of acres of formerly arid land in the West that have been brought under irriga- 
tion, with resultant increases in the populations of bird reservoirs and mosquito 
vectors of encephalitis. It is quite probable that further research will reveal 
an even wider geographical distribution for each of the three encephalitis 
viruses. 

There are certain basic similarities in the natural histories of the three types 
of encephalitis. It is generally believed that birds may serve as natural hosts 
for all three, and that various species of mosquitoes are vectors. Humans 
and horses appear to be dead-end hosts or, at most, secondary hosts, for all 
three viruses. Beyond these similarities there are important specific differences 
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Figure 1. The geographical distribution of the arthropod-borne encephalitides in the 


United States. Total virus activity in man and in animals. 
in the natural histories of the three diseases, and the details of these differences 
are the topic of this presentation. 


Western Equine Encephalitis 
Summer infection chains. The summer infection chains for WEE are rea- 


sonably well established (rIGuRE 2). There seems to be little question that 
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| Ficure 2. Summer infection chains for western equine encephalitis. The chains for 
rural St. Louis encephalitis are similar, except that horses are inapparent rather than ap- 
parent hosts. 


Culex tarsalis is the primary vector in the sylvan transmission cycle as well 
as in the endemic chain of infection in the western United States. It is the 
/ one species in which population densities, virus infection and vector ability, 
blood-feeding habits, and consistent association with epidemics are adequate 
to account for WEE encephalitis in humans and horses (Hammon and Reeves, 
1945; Reeves, 1953; Eklund, 1954; Cockburn, Sooter, and Langmuir, 1957). 
- Furthermore, the distribution of this species in North America closely coincides 
| with the general area in which outbreaks of WEE have been known to occur 
(Jenkins, 1950). WEE virus has been isolated many times in nature from 
- C.tarsalis. Tsolations have also been made from C. pipiens, C. quinquefasciatus, 
C. restuans, C. stigmatosoma, Aedes melanimon (dorsalis), A. nigromaculis, 
A. infirmatus, A. vexans, A nopheles freebornt, C uliseta melanura, and C. inornata, 
as well as several species of bird mites and an assassin bug, Triatoma sanguisuga 
(a general review of published records of isolations was made hy Tlerguson, 
1954; some later isolations were reported by Blackmore and Winn, 1954, and 
Burroughs and Burroughs, 1954; Reeves, 1953; Kissling ef al., 1955). Species 
other than C. farsalis are, however, considered to be of secondary importance. 
Some of them may, however, be essential in the transmission of WEE in the 
eastern and southeastern states, since this is out of the range of C. tarsalis. 
C. pipiens and C. quinquefasciatus have been shown experimentally to be poor 
vectors for WEE (Hammon and Reeves, 1943; Chamberlain ef al., 1954). 
The primary vectors of WEE in the East are, therefore, yet to be determined. 

Although it seems quite clear that birds are the important natural hosts of 
WEE (Hammon and Reeves, 1945; Reeves, 1955; Eklund, 1954), it has not 
yet been determined which species are primary reservoirs and which are of 
secondary importance. Published and unpublished records indicate that 
WEE virus has been recovered from about 20 species of birds and 6 species 
of mammals, and that WEE antibodies have been found in more than 75 
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species of wild birds and a half dozen species of wild mammals, as well as most 
of the common domestic birds and mammals. The problem, then, is to deter- 
mine which of this bewildering array of species are essential reservoirs for the 
enzootic perpetuation of WEE under natural conditions, and whether others 
may form necessary links in endemic chains of infection. 

R. W. Chamberlain, R. E. Kissling, and their co-workers have done some 
highly significant research on encephalitis virus-vector and virus-host relation- 
ships under controlled laboratory conditions, as described elsewhere in this 
monograph. Such studies are invaluable in establishing potential vector- 
host combinations that may be important for the perpetuation of encephalitis 
viruses in nature. However, the mere fact that a particular vector has a 
sufficiently low infection threshold to become infected by biting a host that 
develops a certain level of viremia does not mean that this vector-host com- 
bination is important in nature. An analogous situation exists with regard 
to malaria in that most Anopheles mosquitoes can develop and transmit 
malaria plasmodia in laboratory tests; however, relatively few Anopheles species 
actually are vectors under natural conditions. In addition to having the re- 
quired vectoring and reservoiring potentials, the primary vectors and reservoirs 
of encephalitis must be appropriately associated in both time and space. 

Recent observations indicate that Culex tarsalis exhibits a peak of biting 
activity at dusk, whereas the Aedes mosquitoes in the same area reach biting 
peaks earlier in the evening (Beadle, 1955). It may be epidemiologically 
significant that the fiercely biting Aedes cause many people to seek shelter 
within their screened dwellings before they are exposed to the principal biting 
attack of C. tarsalis, a primary vector of encephalitis. Since C. farsalis has 
its peak biting activity at dusk, this should be a critical period in the trans- 
mission of WEE virus, and the primary reservoirs of WEE are probably among 
the hosts that are available to C. farsalis at this time of day. It is a common 
observation of field workers that the evening flights of birds to their nocturnal 
roosting sites take place a short while prior to this peak of the biting activity 
of farsalis. 

Precipitin and other tests with field-collected mosquitoes usually indicate 
that ¢arsalis feeds largely on birds, but there is ample evidence that it also 
feeds on a variety of mammalian and even reptilian hosts (Reeves and Hammon, 
1944; Dow, Reeves, and Bellamy, 1957). Our general observations, including 
unpublished studies by R. P. Dow, indicate that farsalis does not necessarily 
prefer to feed upon birds, but that it will feed on mammals as readily as on 
birds if both are equally available. It also appears that the inherent behavior 
characteristics of the available hosts, particularly their degree of quiescence, 
are probably more important than the particular species that are at hand. 
For example, unpublished observations by J. S. Blackmore and R. P. Dow 
show that engorgement rates for C. ¢arsalis were much higher on relatively 
inactive nestlings than on the more active adult birds. The sparser vesture of 
the nestlings may also have been a factor in the higher feeding rates. It is 
generally recognized that embryos and very young animals are more susceptible 
to infection with encephalitis viruses. Thus, cumulative evidence points 
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increasingly to the importance of nestlings in natural chains of infection of the 
encephalitides. 

One possible explanation of the usual /arsalis-bird feeding association is 
this: many birds nest and roost in trees, and as foliage gives off carbon dioxide 
at night when photosynthesis has ceased, farsalis, which is attracted by carbon 


dioxide (Reeves, 1951; Reeves, 1953a) is thus brought into the sphere of attrac- 


tion of roosting or nesting birds when it is seeking a blood meal. Additional 
studies are under way at the Logan Field Station of the Communicable Disease 
Center (CDC) to evaluate the importance of carbon dioxide in the orientation 
of blood-seeking tarsalis. In atypical situations it would not be at all surprising 


to find mammals serving as the natural hosts for farsalis. For example, Philip, 
Bell, and Larson (1955) found that almost 14 per cent of the black-tailed jack 
- rabbits in an arid area of northern Nevada had WEE antibodies, thus suggesting 
a high degree of feeding by farsalis. 


The longevity of the mosquito vectors and the extent of repeated blood 
feeding are important factors with regard to summer transmission cycles of 
encephalitis. Obviously, the mosquito must take an infective blood meal, 
survive through the extrinsic incubation period, and then take a second blood 
meal if it is to transfer infection from one vertebrate host to another. In 
observations with Aedes mosquitoes, Chamberlain, Corristan, and Sikes 
(1954a) found that optimal transmission of WEE virus occurred in as short a 
period as 5 days, and that high transmissibility was maintained for about a 
month. It is difficult to obtain longevity data on mosquitoes under natural 
conditions, but from the general information available it appears that a large 
percentage of summer populations of C. farsalis probably survives long enough 
to effect at least one transmission and, under favorable conditions, adults 
might survive long enough for several transmissions. Current observations 
at the Bakersfield, Cal., Logan, Utah, and Greeley, Colo., field stations of CDE 
indicate that higher humidity in the adult mosquito’s microhabitat greatly 
favors increased longevity of both summer and winter populations of C. arsalis. 
Thus, the vast irrigation developments in the western states may not only 
result in greatly increased production of C. farsalis, but may also create condi- 
tions favoring increased mosquito longevity and, therefore, greater likelihood 
for the build-up of epidemics of WEE encephalitis. ee 

As previously indicated, the natural vertebrate reservoirs of encephalitis in 
a particular area must develop sufficient viremia for infection of the mosquitoes 
that transmit virus from host to host. It has been shown in certain situations 
that tarsalis may feed as much on the larger mammalian dead-end hosts, such 
as horses, cattle, and sheep, as on birds (Reeves and Hammon, 1944). Where 
there is an abundance of these dead-end hosts in relation to avian hosts, they 
may deflect blood-seeking vectors from the human population (zooprophylaxis), 
decrease the extent of feeding upon infected avian reservoirs, and drain off 
virus that otherwise would reinforce the sylvan avian cycles of encephalitis 
transmission. Thus, the chances of human infection would be decreased both 
by the lower infection rates in mosquitoes and by their lower attack rates upon 
humans. Potentialities for this type of zooprophylaxis exist in a number of 
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irrigated areas in the West, where dairying and the raising of cows and other 
domestic mammals constitute the predominant agricultural industries. To 
our knowledge, however, there has never been any attempt to correlate mos- 
quito and bird infection rates in these areas with population densities of cattle 
or other dead-end hosts of encephalitis. 

The primary reservoirs in the sylvan cycle of WEE encephalitis may not 
necessarily be the same as those involved in the chain of transmission to man 
and domestic animals. For example, in a particular situation sylvan WEE 
encephalitis might be perpetuated continuously by an association of C. tarsalis 
with blackbirds without any involvement of human infections. The addition 
to this complex of a more domestic avian host, such as the English sparrow, 
however, might result in a build-up of infection rates in populations of farsalis 
associated with man, and thus lead to human infection. 

With a given mosquito infection rate, the chances for human infection will 
be correlated directly with the vector’s biting or attack rates on man. These 
attack rates are obviously related, in turn, to mosquito population densities. 
Recent studies with caged birds indicate that the percentage of farsalis feeding 
on avian hosts decreases as the number of mosquitoes increases (Dow, Reeves, 
and Bellamy, 1957). This would suggest that at times of unusually high mos- 
quito prevalence there may be a much greater deflection of farsalis from avian 
hosts to mammals, including man and domestic animals. Similarly, increased 
human attack rates might result from a decrease in population of avian hosts, 
despite the fact that the mosquito population remained constant. 

From the above discussions it is apparent that, whereas the identity of the 
primary vector of WEE seems to be reasonably well established, much more 
information is needed on the particular avian species that serve as primary 
summer reservoirs and on the critical ecological relationships between hosts 
and vectors. Such information is needed if we are to understand the causative 
mechanisms of WEE epidemics. 

Winter infection chains of WEE. In temperate North America, where 
vector populations are inactive during the winter months, it is obvious that 
there must be some reservoiring mechanisms that enable encephalitis viruses, 
in the absence of active transmission, to survive this period. Five possibil- 
ities have received investigative attention: (1) transovarian passage, (2) over- 
wintering in infected mites, (3) overwintering in infected mosquitoes, (4) 
overwintering in infected birds, and (5) reintroduction each spring by 
migrating birds. The potentialities for each of these mechanisms with regard 
to WEE will be discussed separately. 

(1) Transovarian passage in ticks is recognized as a mechanism for the 
perpetuation of louping ill and of Russian spring-summer encephalitis. Since 
the primary vectors of WEE appear to be Culex mosquitoes that overwinter 
as adult females, the possibility of transovarian passage as an overwintering 
mechanism for this particular virus seems to be eliminated. 

(2) WEE virus has been isolated from the mites of wild birds (Reeves ef al., 
1947; Miles et al., 1951), and for a time it was believed that they might con- 
stitute the sylvan vector as well as a long-term reservoir. Recent laboratory 
investigations, however, have given negative results (Chamberlain and Sikes, 
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1955; Reeves ef al., 1955), and it is generally agreed that mites do not play any 
significant role in the perpetuation of WEE encephalitis virus in nature. 

(3) There is much evidence to support the possibility that WEE virus may 
pass the winter in mosquitoes. W. C. Reeves and his co-workers (in press) 
have isolated WEE virus from naturally infected Culex tarsalis in Kern County, 
Calif., during all months of the year except December, and Blackmore and Winn 
(1956) isolated the virus from C. farsalis collected in Colorado during December. 
Bellamy, Reeves, and Scrivani (in press) recovered WEE virus from experi- 
mentally infected C. farsalis after the mosquitoes had been kept for 113 days 
in an unheated cellar during the winter. C. farsalis completed extrinsic incuba- 
tion and transmitted WEE virus to chickens after 97 and 109 days of winter 
incubation. 

Two aspects of the biology of C. tarsalis are of particular importance in rela- 
tion to its potential role as an overwintering reservoir for WEE virus; namely, 
its overwintering habits, and its prehibernation feeding habits. C. tarsalis 
may be found during winter months in abandoned mines and cellars (Keener, 
1952). There is indication, however, that the temperatures in most such 
shelters are too high for successful hibernation, and the normal winter habitat 
for this mosquito in the more northern latitudes has yet to be discovered 
(Dow, Mail, and Richards, 1956). 

If Culex tarsalis is to serve as an overwintering reservoir for encephalitis 
viruses, it must have an infective blood meal before going into hibernation. 
There is, however, strong evidence of a prehibernation decline in blood feeding 
by tarsalis with a possible switch to carbohydrate sources of food (Mail and 
Smith, in press). There is even a possibility that a prehibernation blood 
meal may be detrimental to overwinter survival of the mosquito (Hammon, 
Reeves, and Galindo, 1945). These relationships of prehibernation feeding 
to overwintering of C. farsalis obviously would decrease its potentialities as 
an over-winter reservoir for virus. Investigations to obtain additional in- 
formation on these relationships are now under way at the Greeley, Logan, 
and Bakersfield field stations of CDC. 

(4) There is also strong experimental evidence to support the possibility 
that WEE virus may pass the winter in resident avian hosts. W. C. Reeves, 
R. E. Bellamy, and G. A. Hutson have conducted extensive investigations in 
Kern County, Calif., that show that WEE virus can be recovered from experi- 
mentally infected birds after extended periods that are considerably greater 
than the normal hibernation period for the mosquito vectors. The results of 
these studies are now being summarized for publication. 

Some virus diseases, such as those of psittacosis and herpes simplex, have 
extended periods of latency. Observations on some of the encephalitis viruses 
also support the possibility that there may be long periods during which the 
agent remains in the host in a latent or avirulent condition. For example, 
Corristan, LaMotte, and Smith (1956) showed that bats infected with Vene- 
zuelan equine encephalitis and stored at hibernating temperatures (10° @:) 
maintained a low-order viremia for at least 90 days, and that the viremia level 
rose rapidly when the animals were returned to room temperatures. This 
suggests that latent virus of other encephalitides might be reactivated in verte- 
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brates or arthropod hosts at times of physiological change as, for example, 
during the mating and egg-laying season of avian hosts or when mosquitoes 
emerge from hibernation. 

(5) Reintroduction of encephalitis virus each year into endemic areas 
by avian hosts migrating from tropical areas of continuous transmission offers 
a possible means of overwintering for which there is some circumstantial evi- 
dence (Kissling ef al., 1955). With regard to WEE, however, it is generally 
believed that resident avian hosts or arthropod vectors are the more likely 
winter reservoirs, at least in the Far West. On the basis of their observations 
in Kern County to date, Reeves, Bellamy, and Scrivani (in press) conclude 
that: “The possibility that a vertebrate host is the immediate source of winter- 
time vector infection is as likely as the alternative, that virus survives solely 
in the vector in winter.” 


St. Louis Encephalitis (SLE) 


Summer infection chains of SLE. In the Far West it seems apparent that the 
summer transmission cycle for SLE in rural situations is similar to that for 
WEE, C. tarsalis serving as the primary vector and birds as the natural verte- 
brate reservoir (FIGURE 2). The basic ecologic interrelationships for rural 
SLE would thus be similar to those outlined for WEE, but this does not imply 
that there are not important differences between the two. One such difference 
is that WEE outbreaks usually occur in midsummer, whereas SLE outbreaks 
take place in the late summer or fall, even when the two occur in the same 
geographical area. This might be due to longer intrinsic or extrinsic incubation 
periods for SLE, which in turn would limit its build-up in the shorter summer 
seasons at higher altitudes or more northerly latitudes. Such inherent differ- 
ences in the two agents may require different specific interrelationships between 
vectors, hosts, and viruses despite the fact that their natural chains of infection 
are similar. 

Although the infection chains for WEE and rural SLE appear to be quite 
similar, there is increasing evidence that the transmission cycle for SLE in 
urban situations of the central states, and possibly other areas, is quite differ- 
ent (FIGURE 3). The Culex pipiens complex is being increasingly implicated 
as the primary vector for urban SLE. The importance of these household 
mosquitoes was first postulated by Lumsden (1934) and was based on his 
investigation of the 1933 epidemics in the vicinities of St. Louis and of Inde- 
pendence, Mo. Subsequent findings of other workers have further supported 
Lumsden’s original hypothesis. The C. pipiens complex in the United States 
includes pipiens, molestus, quinquefasciatus and, possibly, others (Mattingly 
el al., 1951). Under laboratory conditions, members of this complex have 
been known for some time to be capable of transmitting SLE virus. High 
population densities of one or more species have been found in vicinities in 
which SLE epidemics have occurred, and collections of these mosquitoes from 
localities in which epidemics were in progress have yielded specimens from which 
SLE viruses were isolated (Ranzenhofer et al., 1957; Beadle el al., 1957). 

In addition to the C. pipiens complex and C. tarsalis, SLE virus has been 
isolated in nature from C. stigmatosoma and A. melanimon (dorsalis) (Ferguson, 
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Ficure 3. Summer infection chains for urban St. Louis encephalitis. The chains for 
rural SLE are similar to those for WEE (FIGURE 2). 


1954; Reeves, 1953), but most isolations have been from C. tarsalis or the C. 
pipiens complex, which appear to be the primary rural and urban vectors, 
respectively. 

As in the case of WEE, present information is insufficient for determination 
of the particular species that are primary reservoirs of SLE. Until recently, 
SLE virus had not been isolated from any wild or domestic birds (Eklund, 
1954), but has now been recovered from several species (Ranzenhofer e/ al., 
1957). SLE neutralizing antibodies have been found in most of the common 
domestic birds and mammals, as well as in about 55 wild birds and a half 
dozen wild mammals. The problem of determining which of these many 
species are primary reservoirs is, therefore, similar to that for WEE. For 
SLE, however, the problem is further complicated by the possibility that the 
primary reservoirs for rural and urban SLE may be different. Birds may 
serve as natural reservoirs for urban SLE, but it is known that they develop 
relatively low viremia levels with this virus (Hammon, Reeves, and Sather, 
1951; Chamberlain ef al., 1957). These levels are sufficient to infect the more 
susceptible mosquito species, such as C. tarsalis, but the extent to which the 
less susceptible C. pipiens complex may become infected by feeding on birds 
has not been fully determined. The possibility that mammals may be involved 
as reservoirs of urban SLE cannot be overlooked. It is known that other 
arthropod-borne encephalitis viruses may have mammalian reservoirs. For 
example, Venezuelan equine encephalitis will produce viremia levels in bats 
well above the threshold levels for ‘nfection of some mosquito species (Corristan, 
LaMotte, and Smith, 1956). Observations on the recently discovered Kyasanur 
Forest disease in India suggest that monkeys may serve as the natural reservoir 
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from which this Group B type virus is transmitted by arthropods to man (Work 
and Trapido, 1957). It is also well established that mammals are natural 
reservoirs of Russian spring-summer encephalitis and other arthropod-borne 
virus diseases such as yellow fever and dengue. Further study may indicate 
that mammals (including man) may possibly serve as reservoir links in SLE 
chains of infection. 

The C. pipiens complex is quite variable biologically, and the different 
variants are quite labile and difficult to distinguish taxonomically (Mattingly 
el al., 1951). For example, true pipiens probably does not feed upon mammals, 
whereas molestus, even though it is autogenic, may feed avidly upon man and 
other mammals. Further work on the summer transmission cycles for urban 
SLE must, therefore, include detailed studies on the feeding habits of the 
C. pipiens complex as well as studies of the vertebrate hosts. 

In situations where small urban communities are surrounded by irrigated 
rural areas it is possible that there may be mixed epidemics of rural and urban 
SLE in which both C. tarsalis and the C. pipiens complex are involved as 
primary vectors. This may have been true for the SLE outbreak in the Texas 
Panhandle during 1956 (Alexander and Murray, 1957). Studies during pre- 
vious years had shown that both C. farsalis and C. quinquefasciatus were 
abundant in the area of the outbreak (Harmston ef al., 1956), and SLE virus 
has been recovered from both these species in several other areas. 

Winter infection chains of SLE. The possible winter reservoirs for C. ¢arsalis- 
transmitted rural SLE appear to be quite similar to those for WEE. The 
winter reservoir mechanisms for urban SLE may also be similar to those for 
WEE, although involving different primary reservoirs and vectors. Positive 
evidence on the possibility that hibernating mosquitoes serve as winter reser- 
voirs for SLE has been obtained by Bellamy, Reeves, and Scrivani (in press), 
who found that SLE virus survived for 116 days in experimentally infected 
C. quinquefasciatus that were kept in an unheated cellar during the winter 
months. Hurlbut (1950) has also shown that C. guinguefasciatus can carry 
the virus of Japanese B encephalitis through a 91-day period of simulated 
hibernation and retransmit it to young albino mice. 

Resident birds are also possible winter reservoirs for SLE. Chamberlain 
and his co-workers (1957) recovered SLE virus from the gizzard of a cowbird 
38 days after infection. 

The likelihood that migrating birds may reintroduce SLE virus into some 
endemic areas of the United States each spring requires further investigation. 


Eastern Equine Encephalitis (EEE) 


Summer infection chains of EEE. The summer infection chains for EEE 
are quite different from those for WEE and SLE, and some of the important 
links are yet to be discovered (FrGURE 4). The identity of the primary vectors 
is particularly puzzling. Most of the accumulated evidence suggests that 
Culiseta melanura is the primary sylvan vector responsible for bird-to-bird 
transmission in nature. Chamberlain ef al. (1951) reported one isolation of 
EEE virus from naturally infected C. melanura mosquitoes collected in Loui- 
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Ficure 4. Summer infection chains for eastern equine encephalitis. 


siana. Five recoveries of EEE virus have been reported from C. melanura 
in New Jersey (Holden, Miller, and Jobbins, 1954; Burbutis and Jobbins, in 
press). Isolations of EEE v irus in nature have also been made from Mansonia 
perturbans (Howitt ef al., 1949), Anopheles crucians (Kissling eile el ODO} 

Karstad ef al., 1957), Culex salinarius (Burbutis and Jobbins, in press) Aedes 
mitchellae, and a pool of Culicoides that had not been identified as to species 
(Karstad et al., 1957). Laboratory attempts to transmit EEE virus with 
C. salinarius and A. crucians have not been successful (Chamberlain ed al., 

1954). The geographical distributions of A. mitchellae and salt-marsh species 
of Culicoides in the United States coincide in general with the distribution of 
EEE, and these species merit further attention as potential vectors of EEE. 

The distribution of salt-marsh mosquitoes + Aedes sollicitans and A. taenio- 
rhynchus is also similar to that of EEE, and circumstantial evidence would 
indicate that they might be involved as endemic vectors of EEE as, for example, 
in the outbreak which took place in the Dominican Republic in 1948 and 1949 
(Eklund, Brennan, and Bell, 1950; Eklund, Bell, and Brennan, 1951). In 
laboratory tests with A. sollicitans, Chamberlain et al. (1954) have given this 
species a vector potential rating of excellent. 

In assessing the importance of C. melanura as a vector of WEE and EEE 
viruses, it is necessary to take into account that this mosquito has rarely been 
observed to bite man, even in situations where this insect was known to be 
present in considerable abundance. Further information is needed on the 
feeding habits of C. melanura. If it truly does not bite man, the endemic 
vector of EEE must be another species of mosquito or some other arthropod 
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that feeds on man and horses as well as on birds. Fortunately for man, 
mosquitoes of the C. pipiens complex are poor vectors of EEE (Davis, 1940; 
Chamberlain ef al., 1954) and are probably not involved as endemic vectors. 

Information on the natural hosts of EEE is even more meager than for 
WEE and SLE. A few recoveries of EEE virus have been made from wild 
and domestic birds and mammals, and antibodies have been found in a wide 
variety of species, including 40 or 50 kinds of birds. Laboratory studies with 
EEE infections in horses (Kissling ef al., 1954) indicate that they develop 
relatively low viremia levels, and it seems most likely that birds serve as the 
primary reservoirs in the basic infection chain. The specific identity of these 
reservoirs is yet to be established. Some birds, such as red-winged blackbirds, 
cardinals, and English sparrows, may be apparent hosts in which EEE infec- 
tions are almost always fatal; others, such as American egrets, snowy egrets, 
and white ibis, appear to be inapparent hosts (Kissling ef al., 1954a). 

In summary, it seems reasonable to assume that the enzootic foci for EEE 
are fresh-water swamps that harbor the wild bird reservoirs and in which the 
primary sylvan vector, C. melanura, breeds. The endemic chains of infection 
through which EEE is carried from these enzootic foci to man and domestic 
mammals are, however, yet to be determined (Holden, 1954). 

EEE infections in ring-necked pheasants. In the process of elucidating the 
natural histories of many diseases, epidemiologists have frequently observed 
phenomena for which no explanation was readily available on the basis of pre- 
existing knowledge or belief. For example, it was originally thought that the 
infection chain of yellow fever consisted solely of a man-mosquito-man trans- 
mission cycle. Furthermore, Aedes aegypti was believed to be the only vector. 
It was subsequently observed, however, that the causal virus survived admira- 
bly in areas where man was infected too infrequently to serve as the reservoir 
and/or where the known vector had been effectively controlled. These ob- 
servations led to the discovery of transmission cycles in which man and 
Aedes aegypti had no part. From these findings have evolved the now well- 
known concepts of so-called ‘‘urban” and ‘‘jungle”’ yellow fever (Bates, 1946). 

The natural history of the encephalitides is also complicated by findings 
that are not satisfactorily explained by the hypotheses that have been discussed. 
The results of studies on the epizootiology of EEE in confined flocks of ring- 
necked pheasants (Phasianus colchicus torquatus) are illustrative of findings 
that are inconsistent with the hypothesis that the encephalitides are invariably 
mosquito borne. 

Reports on the behavior of the disease in naturally occurring outbreaks in 
pheasants (Beaudette and his co-workers, 1939, 1941, 1945, 1948, and 1952) and 
under controlled experimental conditions (Holden, 1955) provide conclusive 
evidence that the infection may be spread in these hosts by some means of 
direct contact that does not involve transmission by arthropods. We can 
only speculate upon the significance of these findings. It is realized that 
the ring-necked pheasant is not native to those areas in which EEE is epizootic. 
Furthermore, studies have been made only on flocks reared in captivity. Thus, 
it 1s possible that the mechanisms of spread among captive pheasants cannot 
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function among wild bird species in their natural habitat. However, unless 
the mode of transmission, once demonstrated, is shown to be peculiar to the 
activities of confined pheasants, it should be further considered as a possible 
means of survival for the virus in nature (FIGURE 4). 

Winter infection chains of REE. Of the three agents under discussion, EEE 
virus has been studied least in regard to its mechanism of survival during the 
winter months. To our knowledge, no detailed studies have been made on 
the ability of any arthropod to serve as the winter reservoir. Culiseta melanura, 
the mosquito thought to be the principal sylvan vector, is thought to hibernate 
in the larval stage. This belief is based upon the finding of viable larvae under 
winter conditions, but there is no specific information available on the fate of 
the adult at the end of the active mosquito season. 

The possible role of birds in the overwintering of EEE virus likewise has 
received only limited study. There are no published reports of attempts to 
demonstrate latent virus in birds that previously had been infected with the 
agent. Kissling ef al. (1955) reported on an attempt to test the hypothesis 
that EEE and WEE virus were introduced into the United States annually 
by migrating birds. These workers found a higher antibody rate against each 
agent in birds migrating into the tropics during the winter months than in 
permanent or winter-resident birds in Louisiana. Although the results of 
this study lend support to the hypothesis that the equine viruses are reintro- 
duced each year by migrating birds, the evidence is by no means conclusive. 


Conclusion 


In looking back over the investigations of encephalitis of the past decade, 
it appears that perhaps too little attention has been given to the vertebrate 
reservoirs in nature. In our preoccupation with the arthropod vectors, we have 
frequently neglected the vertebrate hosts. Probably our thinking in this 
regard has been too much conditioned by experiences with other mosquito- 
borne diseases such as malaria and yellow fever. In the western states, at 
least, there has been a recent trend toward giving more research attention to 
the vertebrate hosts. Eventually we may find that, for the arthropod-borne 
encephalitides, an attack upon the primary reservoirs is more feasible than 
vector control in breaking the chain of infection. It is important, therefore, 
that we give full consideration to all of the critical interrelationships in the 
natural history of these diseases if we are to accomplish our ultimate objective 
of prevention or control of encephalitis. 


Summary 


The three principal arthropod-borne viruses in the United States are western 
equine (WEE), eastern equine (EEE), and St. Louis (SLE). WEE and SLE 
occur primarily in the twenty-two western states, whereas EEE occurs pri- 
marily in the Atlantic and Gulf coast states. Birds serve as natural hosts, 
and mosquitoes as vectors, for all three viruses. Man and horses are accidental 


hosts. Clinical disease in man 1s produced by all three viruses: in horses by 
WEE and EEE, and in birds by EEE alone. 
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Wild birds serve as the primary reservoir, and C. farsalis as the primary 
sylvan and endemic vector, for WEE and rural SLE. Mosquitoes of the 
C. pipiens complex appear to be the primary sylvan and endemic vectors of 
urban SLE; mammals as well as birds are suggested as possible reservoirs. 
Wild birds also are primary reservoirs for EEE, and C. melanura seems to be 
the primary sylvan vector; the endemic vector for EEE is yet unknown. 
Direct bird-to-bird transmission of EEE among pheasant flocks has been 
proved, but its possible role among wild birds has not been determined. 

Either the mosquito vectors or the avian hosts appear to be possible over- 
wintering reservoirs for encephalitis viruses. Studies with WEE and SLE 
have shown that both of these viruses can survive for extended periods in 
either mosquitoes or birds. The possible reintroduction of virus into endemic 
areas each season by migrating birds requires further investigation. Over- 
wintering in mites or transovarian passage is not believed to be the mechanism 
for the winter survival of encephalitis viruses. 

Ecological interrelationships in time and space determine the actual role of 
potential vectors or hosts in the epizootiology and epidemiology of encephalitis. 
Of primary importance are the population densities, distribution, and nesting, 
resting, and roosting habits of the avian hosts; and the population densities, 
summer and winter longevity, blood-feeding habits, and host preferences of the 
arthropod vectors. An abundance of available dead-end hosts, such as do- 
mestic mammals, may provide a considerable degree of zooprophylaxis for the 
human population. 

It is believed that the role of specific vertebrate hosts in the natural history 
of the encephalitides deserves greater investigative attention, and that control 
of vertebrate reservoirs, as well as vector control, offers promise in preventing 
or limiting epidemics of encephalitis among man and domestic animals. 
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VECTOR RELATIONSHIPS OF THE ARTHROPOD-BORNE 
ENCEPHALITIDES IN NORTH AMERICA 


By Roy W. Chamberlain 


Communicable Disease Center, Public Health Service, Montgomery, Ala. 


Although much remains to be learned about the ecology of the arthropod- 
borne encephalitides in North America, past and recent studies have provided 
considerable knowledge of these diseases. Infection in horses and man has 
been associated with large mosquito populations and infection in wild birds, 
and birds have been shown to be important hosts.!* Many arthropod species 
have been tested in the laboratory for their susceptibility to virus infection 
and for their ability to transmit, and certain mosquitoes associated with 
birds have been indicted as vectors.!: * Antibody and virus isolation studies 
in wild vertebrates have indicated the field host ranges, and virus isolations 
from field-caught mosquitoes have revealed those species that actually 
feed upon infected animals under natural conditions.’ * &* 1-1?! Further 
information on the feeding habits of mosquitoes has been gained through field 
and laboratory observations and precipitin tests on naturally acquired blood 
meals. Correlation of mosquito susceptibility with viremias attained in various 
vertebrates has furnished clues concerning favorable host-vector combina- 
tions.!°. 2 These are only a few of the important contributions that have 
been made. 

As a result of these contributions, certain vector relationships now appear 
reasonably clear. By making the most of this knowledge, a logical selection 
of the most probable vectors is possible. 

Eastern equine encephalitis (EEE). Field investigations suggest strongly 
that the foci of EEE infection are fresh-water swamps. Outbreaks of EEE in 
horses or man have generally originated in the vicinity of swamps, and the 
presence of the virus in birds and mosquitoes during intraepidemic and intra- 
epizootic periods has been established in swampy areas. A high proportion 
of swamp-inhabiting birds becomes immune during the transmission season, 
and numerous isolations of virus have been made from their blood.®: 15: 16, 21, 28 
Furthermore, laboratory studies have shown wild birds to be highly susceptible 
to infection and to produce levels of virus in their blood sufficiently high to 
infect certain species of mosquitoes.!® 24 Complete bird-mosquito-bird trans- 
mission cycles have been accomplished in the laboratory. 

Attempts to isolate EEE virus from horse- and man-biting mosquitoes and 
other insects during epidemics or epizootics have almost always met with 
failure, although thousands of individuals of such common species as Aedes 
sollicitans, A. vexans, A. triseriatus, and Psorophora ferox have been tested. 
On the other hand, tests on a swamp-breeding mosquito, Culiseta melanura, 
have been highly productive. Eleven isolations of the virus have been made 
from this species in Louisiana,'S New Jersey,!! !® and Massachusetts, always 
in association with active infection in the swamp-frequenting bird population. 
This species has been shown in the laboratory to be susceptible to infection 
and to transmit by its bite.l° 
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A lesser number of isolations has been made from other species of mosquitoes. 
Mansonia perturbans, collected in Georgia, yielded virus on one occasion.” 
As it is also a swamp breeder, will feed upon birds, and can transmit with 
moderate efficiency in the laboratory,'? it falls under suspicion as a possible 
vector. Anopheles crucians has yielded virus on two occasions, but only in 
trace amounts.'®: 27 The importance of these isolations is negligible, since 
this species has been shown to be incapable of transmitting infection in the 
laboratory.” Virus has been isolated twice from blooded Culex salinarius 
taken inasvamp." This species has also been shown to be refractory to EEE 
infection in the laboratory” and, as the infection rate of associated birds was 
high at the time the isolation was made, the virus detected was most likely in 
recently ingested bird blood. One isolation has been made from 4, mitchellae 
and another from a pool of Culicoides, both apparently associated with infec- 
tion in horses.” 

The virus isolations from Culiseta melanura are made more significant by 
the fact that relatively few specimens were tested. An isolation has been 
made from about every 200 to 400 specimens checked, despite the fact that 
they were collected near their breeding sites and that young, previously unfed 
individuals made up a high proportion of the catches. 

Culiseta melanura is known to breed only in fresh-water swamps or in heavily 
shaded seepage areas, swamplike in character. Although it is a little-known 
species, it is common in its preferred breeding areas. While it has been found 
as far west as Colorado and Oklahoma,” its range is generally restricted to 
the eastern half of the United States and coincides with the distribution of 
EEE in this country. Precipitin tests on specimens engorged with blood when 
captured have shown that birds are preferred hosts.” * 

The evidence at hand points, therefore, to fresh-water swamps as enzootic 
foci, to birds as primary hosts, and to C. melanura as the principal enzootic 
vector. In view of the restricted habitat of C. melanura, however, and its 
apparent preference for bird hosts, epizootics in horses and the occasional 
cases in man cannot logically be attributed to this species. It seems more 
likely that other vectors are required to carry the infection from birds to horses 
and to man. 

The infrequency of infections in man rules him out as a likely source of in- 
fection for more mosquitoes.* *” Horses, likewise, appear to be of limited 
importance in epizootic spread of the disease, since they rarely produce enough 
virus in their blood to infect mosquitoes efficiently." They apparently receive 
their infections mostly from the bites of mosquitoes that have fed previously 
upon birds. ; 

In view of these restrictions, certain conditions appear necessary to permit 
an epizootic in horses (and an epidemic in man) to occur. Bird infection would 
need to be at high level, furnishing a relatively great source of virus for mosquito 
infection. This condition would depend upon an adequate population of 
Culiseta melanura (and assisting species such as Mansonia perlurbans) and a 
low immunity rate in the bird population. The latter would depend, in turn, 
upon a light infection rate the previous year. As some of the infected birds 
fan out into the adjacent areas, they become diluted with noninfected birds 
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not associated with the swamp foci. This, together with the fact that a rela- 
tively small proportion of the common horse-feeding mosquitoes find oppor- 
tunity to feed upon birds, make it necessary that the population of these “a 
quitoes be high. If, in addition to all this, there is a low immunity rate in the 
horse population, conditions are favorable for the epizootic. Now, with large 
numbers of the epizootic species of mosquito present, the likelihood of additional 
horse infections through mosquitoes infected from an occasional horse with 
higher viremia becomes possible.” A high horse-infection rate also favors 
occasional mechanical transmissions from horse to horse by the- interrupted 
feedings of biting insects such as Culicoides,” horseflies, deer flies, stable flies, 
and mosquitoes. That mosquitoes and stable flies are capable of transmitting 
mechanically between laboratory animals has been shown experimentally.” 

Mechanical transmission between caged pheasants by means of pecking 
has been demonstrated. There is no proof, however, that this mode of 
transmission is of much consequence among wild, unconfined birds. It seems 
unlikely to influence the natural cycle of the disease appreciably. 

Western equine encephalitis (WEE). ‘The ecology of this disease has under- 
gone intensive investigation over many years.’ *''* Hundreds of isolations 
of the virus from Culex tarsalis attest to the close association of this mosquito 
species with natural sources of infection. Serologic and virus isolation studies 
in wild birds have firmly established their role as the most important hosts. 
Inoculation of wild birds in the laboratory has confirmed their susceptibility 
and revealed viremias adequate to infect susceptible mosquitoes.** *° Trans- 
missions to barnyard fowl*® and wild birds*® by mosquitoes have also been 
accomplished in the laboratory. 

Studies on the feeding habits of C. ¢arsalis have shown that, while this species 
feeds most frequently upon birds, it is also attracted to man, horses, and nu- 
merous other vertebrates. It is closely associated with birds in the West, for 
it breeds in natural temporary water sources in dry land areas and in irrigation- 
water overflows in cultivated areas, the same sites in which many bird species 
concentrate. Because of its numbers, its close association with birds, its 
avidity for man and horses, and its great susceptibility as proved in laboratory 
tests, C. arsalis fulfills requirements for both an endemic and an epidemic 
vector. While many other species of mosquitoes are susceptible, particularly 
the Aedes, very few isolations of virus have been made from them. It is pos- 
sible that A. dorsalis and A. nigromaculis, which are abundant during the 
encephalitis season, might assist in the spread of WEE in horses, once an out- 
break is under way, in the same manner that certain Aedes, Psorophora, or 
other genera may spread EEE infection from an occasional high-viremia horse. 
At most, however, this mode of spread would appear to be only supplementary 
to transmission from birds to horses by C. tarsalis, as WEE viremias in horses 
are apparently even lower than EEE viremias.*?7 Occasional transmissions 
from birds to horses by Aedes probably also occur, but with considerably less 
frequency than by C. farsalis because of the differences in their bird-feeding 
habits. 

Until a few years ago the distribution of WEE was believed to be limited to 
Culex tarsalis. Now we know that this is not the case. While disease in 
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horses and man appears generally to be limited to areas where C. /arsalis is the 
vector, infection in wild birds and mosquitoes in swamps in the East are known 
to occur in the absence of C. farsalis. In 1952 several isolations of WEE virus 
were made from birds collected in and adjacent to a swamp in Louisiana; this 
same survey'® also yielded an isolation of this virus from Culiseta melanura, 
and two others from Aedes infirmalus, a species breeding on the swamp margin. 
In 1953 Holden® isolated WEE virus from a sparrow collected adjacent to a 
swamp in New Jersey, and Kissling® detected WEE antibody in resident birds 
and horses in Massachusetts. An isolation of WEE from freshly engorged 
—C. pipiens-quinquefasciatus in North Carolina was made in 1955.4 This 
isolation established the presence of WEE in that area. The importance of 
this mosquito species as a vector is greatly in doubt, however, as it has been 
shown to be refractory to WEE infection in the laboratory.'? The virus 
isolated was undoubtedly from the blood recently ingested and did not repre- 
sent true mosquito infection. In 1956 several WEE isolations were made from 
the blood of birds collected in and near a swamp in New Jersey.” Again a 
WEE virus isolation was made from C. melanura.” 

This evidence indicates that the enzootic status of WEE in the East is similar 
to that of EEE. Its unimportance as a disease-producing agent in man and 
horses is probably due chiefly to the absence of its highly efficient vector of the 
West. Lower viremias in birds are produced than by EEE, making infection 
of various Aedes and other horse- and man-feeding mosquitoes that may occa- 
sionally feed upon birds less likely. Also, the viremia of WEE is lower in 
horses than that of EEE,” so that horse-to-horse transmission must be an even 
more rare occurrence. In addition, laboratory studies have shown that when 
animals immune to EEE were infected with WEE, they produced significantly 
lower viremias than nonimmune animals.* This factor may be important in 
areas where a high proportion of birds and horses possess EEE antibody. A 
combination of these deterrent effects probably serves to keep WEE within 
it enzootic foci in the East. 

St. Louis encephalitis (SLE). Strong evidence indicates that SLE, like 
EEE and WEE, is primarily a bird disease transmitted by mosqui- 
toes. ® 9% 39 Apparently similar factors foster its successful propagation ; 
namely, adequate populations of susceptible birds and vector mosquito species, 
and close association between the birds and the vectors. Again, man seems 
to be an unfortunate accidental host. 

The virus of SLE differs from those of EEE and WEE, however, in having 
an almost completely reversed mosquito susceptibility range. EEE and WEE 
viruses develop readily in all species of Aedes and Psorophora thus far tested, 
but do so poorly or not at all in most Culex except C. tarsalis” 8 SLE virus, 
on the other hand, is highly infectious for all species of Culex that have been 
tested, but does not develop well in Aedes and Psorophora.\ 18 These vector 
differences are reflected in the epidemiology of SLE, not in the West where 
C. tarsalis abounds, but farther east in the central states where ¢arsalis is 
scarce or absent. 

Extensive studies in the Far West, particularly in the Central Valley of 
California, have shown with little doubt that C. ¢arsalis is the main SLE 
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vector in that area and is responsible for most of the transmission to wild birds, 
domestic fowl, and man. Up to 1953, 69 isolations of the virus had been 
made from wild-caught C. farsalis, as against only 3 for Ge. quinquefasciatus, 
2 for C. stigmatosoma, and 1 for A. dorsalis? In 1954 alone, 87 additional 
isolations from C. farsalis were reported.” The greatest outbreaks have 
coincided with an abundance of C. farsalis, and a high proportion of the cases 
have been rural rather than urban.*” As might be expected, the epidemiology 
is similar in many respects to that of WEE. 

A different epidemiological picture has been presented in the central and 
east central states, namely, in the outbreaks in St. Louis, Mo., 1933; Hidalgo 
County, Texas, 1954; Calvert City, Ky., 1955; and Louisville, Ky., 1956. 
In those areas C. farsalis was scarce or absent. There the human cases were 
mostly urban or suburban, and they were associated with heavy breeding of 
C. pipiens or C. quinquefasciatus.” ® °° °° These mosquito species rarely 
find conditions as suitable for breeding in the more natural countryside. This 
fact, together with the sparser human populations in the country, may account 
for the relative infrequency of truly rural cases. Sylvan transmission to wild 
birds and fowl is possibly accomplished by a widespread nondomestic species 
such as C. salinarius, which has been shown to be an excellent transmitter in 
the laboratory." 

The mechanics of an urban epidemic appear clear. Infected wild birds 
probably introduce the virus to high populations of suburban and urban 
C. pipiens or C. quinquefasciatus, which rapidly spread it to city-dwelling 
birds and chickens. These, in turn, serve as a ready source of infection for 
additional numbers of the mosquitoes. A consequence of the resultant epi- 
zootic is exposure of a large segment of the human population to infection by 
mosquito bite. 

A perplexing feature of the epidemiology of SLE is the importance of the 
C. quinquefasciatus-pipiens complex in the East in the absence of C. tarsalis, 
but its relative unimportance in its presence in the Far West. Obviously, 
the balance of ecological factors that determine vector efficiency is tipped in 
its favor in the East, but against it in the West. Although many contributing 
factors may be involved, the most likely appear to be strain differences in 
either the mosquitoes or the virus in the respective areas. 

Studies comparing the transmitting efficiencies of C. farsalis and 7 strains of 
C. pipiens and C. quinquefasciatus from various parts of the country showed 
that all transmitted a California strain of SLE virus from chick to chick with 
nearly 100 per cent efficiency." The threshold of infection of C. tarsalis 
appeared to be the lowest, however, with virus in such low concentration as to 
be undetectable in 1:10-diluted blood adequate for infection.*® That this find- 
ing may be significant is suggested by comparing the results of studies on the 
viremias produced in birds by the California virus strain®® and a strain from 
Kentucky... The Kentucky strain of SLE virus was found to develop about a 
tenfold greater concentration in the blood. 

In a discussion of this rather flimsy but provocative evidence with W. C. 
Reeves of the School of Public Health, University of California, Berkeley, 
Calif., a hypothesis was developed to account for SLE vector differences in 
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california and the East. If C. ¢arsalis is abundant and more susceptible than 
1e other mosquito species, there may be little natural selection for high bird- 
-remia virus strains. As a consequence, the virus strains might characteris- 
cally produce viremias in birds too low for efficient infection of California 
_. quinquefasciatus. In the East, however, in the absence of C. tarsalis, it is 
4ssible that the only virus strains propagated would be those that produced 
iremias in birds adequate to infect C. guinguefasciatus-pipiens, or other natural 
ectors of similar susceptibility, with the resultant establishment of relatively 
igh bird-viremia strains in that area. 
In spite of a considerable knowledge of vector relationships, control measures 
rough vector abatement are often impracticable from an economic point of 
i Only urban SLE gives immediate promise of relatively inexpensive 
sntrol. It is obvious, therefore, that the reasons for continued investigations 
the ecology of encephalitis are not merely academic. There is a definite 
eed to gain additional information that might lead to more effective control. 
*hases particularly needing study are the overwintering mechanisms, the finer 
points of vector-host relationships, and the influence of climatic and immuno- 
ygical factors upon disease spread. If these phases were fully understood, 
utbreaks might be predictable and control more surely and economically 
ffected. 
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HOST RELATIONSHIP OF THE ARTHROPOD-BORNE 
ENCEPHALITIDES 


By Robert E. Kissling 


Communicable Disease Center, Public Health Service, Montgomery, Ala. 


One of the distinguishing characteristics of the arthropod-borne viruses is 
that of a fairly wide host range. By definition, these viruses are capable of 
infecting both invertebrates and vertebrates. Among the vertebrates, many 
species of mammals and birds may be infected with these viruses. However, 
each virus tends to have one class that will furnish the more important hosts. 

The importance of a vertebrate as a host for the encephalitis viruses depends 
upon several factors. First, the individual must circulate virus in its blood in 
sufficient concentration, and for a reasonable length of time, to allow the in- 
vertebrate vector to become infected by ingesting the virus-containing blood 
meal. Moreover, the vertebrate host, to be of consequence in the continuing 
life cycle of the virus, must choose a habitat also suitable for the invertebrate 
vector and, by its habits, allow sufficient opportunity for the arthropod to 
obtain blood meals. | 

When the principal vectors are determined, many otherwise potential verte- 
brate hosts can be dismissed because their preferred habitat does not coincide 
with that of the vector. In the case of eastern equine encephalitis (EEE), in 
which the principal endemic vector appears to be Culiseta melanura (a swamp- 
breeding mosquito), certain upland game birds, burrowing rodents, or any other 
vertebrate preferring a relatively dry habitat could not enter into the endemic 
cycle of the virus. Also, since C. melanura is preferentially a bird feeder, 
mammals such as otters and swamp rabbits, even when they choose a swamp 
habitat, are not likely to become involved in the cycle of EEE infection. In 
fact, serologic studies on small mammals resident in swamps endemic for EEE 
have failed to show any evidence of experience with the virus. 

Although serologic surveys indicate which individuals are exposed to the 
vector and which are capable of being infected by the virus, this information 
does not tell us which species can serve as hosts capable of passing the virus to 
additional vectors. 

St. Louis encephalitis (SLE) virus is found at very low levels in the blood of 
any species during the viremic phase of infection. This is compensated, how- 
ever, by the fact that the arthropod vectors are able to become infected on 
blood meals containing very small amounts of virus. 

Cox, Philip, and Kilpatrick! found no virus circulating in the blood of 3 
horses inoculated intracerebrally with SLE virus. Stamm? found that only 
1 of 4 cottontail rabbits circulated SLE virus after subcutaneous inoculation. 
This 1 animal had a minimal amount of virus present in its blood during a 3- 
day period after inoculation; only 1 of 5 mice died when inoculated with the 
1:2 dilution of blood. Three of the 4 rabbits developed neutralizing antibody. 
Six roof rats (Ratlus rattus) were also inocuiated subcutaneously with SLE 
virus. None showed demonstrable virus in a 10! dilution of blood during the 
4 days after inoculation, nor did antibody develop in any of the rats. 
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Stamm has demonstrated that a 4-week-old CFW strain of laboratory mice 
‘as a demonstrable viremia for 3 days following subcutaneous inoculation, 
‘ith titers ranging from 10°8 to 10°7 LD so. However, these latter rodents 
“present an artificial situation, having been bred and selected for special sus- 
=ptibility to infection with the neurotropic viruses. 
_ Birds have been shown to circulate fairly small amounts of SLE virus after 
perimental infection. Hammon, Reeves, and Sather* showed that the virus 
-suld be detected in the blood of house finches, English sparrows, tricolored 
=d-winged blackbirds, and white-crowned sparrows. In all except the white- 
srowned sparrows virus was demonstrated only in the undiluted blood or, 
srely, in the 10~ dilution. The white-crowned sparrows, however, showed 
iremia titers as high as 10% and 104° LDj5o. The antibody response was 
-egligible during the first 2 months after inoculation. Chamberlain ef al.* 
-sllowed the response of individual birds infected by both subcutaneous inocu- 
sition and by the bite of infected mosquitoes. Cowbirds, red-winged black- 
irds, English sparrows, and the domestic pigeon were the species included in 
Fhe study. The pigeons and a portion of the cowbirds and red-wings were 
sted by inoculating a 107 dilution of the blood into mice. Of 15 birds so 
eested, none of the subcutaneously inoculated cowbirds or red-wings showed a 
lemonstrable viremia in this diluted blood. One pigeon showed traces of 
rus in the 10 dilution of blood on the fourth and fifth days following infec- 
ion, and the other on the seventh day. One of 3 red-wings infected by mos- 
guito bite showed a trace of virus in diluted blood on the first day, as did a 
cond individual on the seventh day. One of 2 cowbirds similarly infected 
chowed a titer of 10!-® LD. on the fourth day. A second series of birds was 
-noculated subcutaneously and the blood tested as undiluted material in mice 
or detection of virus. Three red-wings circulated virus intermittently for 5 
-o 8 days following inoculation; usually insufficient virus was present to kill 
ll mice inoculated. The highest titer observed in the red-wings was 10!° LD 50 
Sound in one bird on the sixth day. Of 4 cowbirds similarly tested, 2 failed to 
have any demonstrable virus in the undiluted blood for 14 days subsequent to 
inoculation. One cowbird had a trace of virus in the undiluted blood through 
5 days after inoculation, while the fourth bird had a maximum titer of 10°+ 
Dso on the sixth day. One of 8 English sparrows also tested by inoculation 
-of undiluted blood into mice failed to show a demonstrable viremia during the 
Wfirst 7 days after inoculation. One sparrow had a trace of virus in its blood on 
tthe seventh day, 1 a trace on the fifth day, and another had traces of blood virus 
son the first 2 days after inoculation. The remaining 4 sparrows had maximum 
-virus titers of 10!-3 LD5» to 10°-° LDso occurring on the fourth and fifth days 
-after inoculation. These 4 birds had viremic periods lasting for from 4 to 6 
-days. Antibody response in all except the pigeons was either absent or very 
-weak when tested at 25 to 30 days after inoculation. — ; ee. 
All of the previously mentioned experimental infections of birds with SLE 
‘virus were done using viruses isolated in California. A strain of SLE virus 
isolated from a naturally infected bird from Kentucky produced somewhat 
higher viremia levels in cowbirds.> Three birds inoculated subcutaneously 
had viremia for 7 days following inoculation. Two of these had titers above 


322 Annals New York Academy of Sciences 


10!° LDs). Fourteen English sparrows also were inoculated with the Ken- 
tucky virus, using a small dosage. These birds were tested for viremia on the 
third day after inoculation and then at 6- to 7-day intervals through the twenty- 
third day. At 3 days, 8 of the birds were viremic. At 9 days, 4: of these were 
still viremic, and an additional previously negative bird had viremia at this 
time. At 16 and 23 days 1 bird still had viremia; when this bird died on the 
twenty-seventh day, SLE virus was isolated from the spleen and kidneys, but 
not from the brain or liver. 

Chickens have been observed to develop a high rate of antibody to SLE 
virus during the course of an epidemic. Experimental studies on chickens 
show that the viremia levels of adults are comparable to those found in wild 
birds; exceptionally high titers are observed in young birds. 

Thus, even with the limited information available we are able to narrow the 
list of important vertebrate hosts of SLE to birds, with special emphasis on the 
smaller perching birds such as sparrows and finches. Domestic poultry in 
areas where the principal vector of SLE is Culex pipiens-quinquefasciatus are 
also severely suspect as important epidemic hosts, since they are a preferred 
host for the vector. 

Western equine encephalitis (WEE) virus appears to multiply to higher levels 
in the blood of birds than does SLE virus and, in addition, it causes clinical dis- 
ease in more species of mammals than does SLE virus. 

It has been found difficult to produce clinical disease of WEE in horses by 
subcutaneous inoculation of virus. The viremia levels in horses so inoculated 
are very low and fleeting. Usually virus is not present in sufficient quantities 
to infect mice by intracerebral inoculation, and it has been necessary to resort 
to the inoculation of one-half-day-old chicks’ to demonstrate the traces of 
virus which are present in the blood of horses during the viremic phase. 

Other mammals have not been investigated as far as WEE viremia levels 
are concerned. 

Using a California strain of WEE virus, Hammon ef al.’ found that viremia 
was present in English sparrows, house finches, tricolored red-winged black- 
birds, and white-crowned sparrows following subcutaneous inoculation of virus. 
Although individual birds were not followed daily, virus was recovered from 
some individuals as late as 9 and 10 days after inoculation. Most recoveries 
of virus were made during the first 4 days after inoculation. The maximum 
titers of 10*-° to 10%-° LD 59 were found during the first 2 days after inoculation. 
Kissling ef al.5 followed the daily viremia patterns of individual birds, including 
towhees, cardinals, English sparrows, white-throated sparrows, blue jays, and 
purple finches after subcutaneous inoculation with a WEE virus isolated from 
Louisiana. Viremia was detected in each species with maximum virus titers 
comparable to those observed by Hammon and his co-workers.’ The periods 
of demonstrable viremia ranged from 2 to 6 days, the majority of the birds 
being viremic for 4 days. Kaplan, Winn, and Palmer? found that the common 
pigeon has blood virus levels and a viremic period similar to those of the other 
species of birds tested. Domestic fowl have been shown to circulate sufficient 
virus in their blood to allow infection of Culex tarsalis° The blood virus levels 
in WEE-infected chickens are generally lower than those found in wild birds. 
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mn some areas of the country, chickens have a high rate of natural antibody to 
WEE, while in other areas, where the virus is also present, negligible numbers 
»ossess antibody. 

In the case of WEE virus, it again appears that birds are the primary hosts 
-{ the virus, wild birds being especially incriminated. Domestic poultry may 
slay a secondary role, depending upon the vectors’ accessibility to them. 

Eastern equine encephalitis (EEE) virus has a somewhat wider host range 
-mong mammals than either SLE or WEE viruses. Birds appear to be uni- 
-ormly susceptible. 

Horses have been found to circulate EEE'** virus in their blood after ex- 
erimental infection. The virus appears with a fair degree of regularity, but 
* presence is of short duration, usually for 1 to 3 days only. The maximum 
-irus titers observed have ranged from 10°-* to 10°? LDso. Titers in the range 
~f 103-9 LD; are the maximum usually observed. Horse-to-horse transmission 
hrough the bite of mosquitoes has been shown experimentally,' * but in at 
seast one case the infecting horse displayed an unusually high titer of blood 
-rirus at the time of the mosquito feeding. 
Davis'® has shown that mourning doves, red-winged blackbirds, grackles, 
-owbirds, pigeons, and English sparrows have a viremia period following inocu- 
ston with EEE virus. Kissling and his co-workers'*18 added the white ibis, 
merican egret, snowy egret, cardinal, and pheasant to the list of birds sus- 
septible by subcutaneous inoculation. Stamm! has found that the yellow- 
-rown night heron, white-throated sparrow, blue jay, tufted titmouse, meadow 
ark, song sparrow, towhee, hermit thrush, and brown thrasher are also sus- 
eptible. In short, no bird so far tested that is free of antibody to the virus of 

EE has failed to respond to inoculation of virus with a period of viremia. 
~The usual period of viremia in birds infected with EEE virus is 4 days. The 
“naximum blood virus titers obtained vary with the species of bird. Large 
»irds such as the herons and pheasants will have titers reaching from LOR to 

05-0 LD. The smaller birds, such as grackles, cardinals, and sparrows, will 
have maximum viremia titers from 10°-° to 10°° LD». 
~ Domestic poultry have fairly low viremia titers, and serologic surveys of 
chickens in endemic and epidemic areas have shown only an occasional individ- 


sual with antibody to EEE, indicating very little association with the vectors 
cof the virus. 

Serologic surveys have limited the natural endemic hosts of EEE to birds, 
rmore especially wild birds. Of the wild birds, the smaller species are more 
efficient hosts than are the larger birds, as shown by the height of viremia that 
sdevelops during infection. Also, small birds are more numerous and occur in 
egreater concentration. Horses may occasionally enter into the epidemic main- 
‘tenance of EEE and, since they are closely associated with humans, they could 
-assume some importance as an indirect source of human infection. 

Venezuelan equine encephalitis (VEE) virus is one of the arthropod-borne 
‘viruses that seem to multiply with greater efficiency in mammals than in 
birds. 

Horses infected experimentally with VEE virus circulate virus for 4 to 6 
days? Maximum blood virus titers were found to range from 104° to 10°-° 
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LDs. These high titers were maintained for longer periods of time than were 
the maximum blood virus titers in horses infected with EEE virus. No diffi- 
culty was experienced in infecting certain species of mosquitoes by allowing 
them to feed upon horses in the viremic stage. 

Very little has been done with other species of mammals, but it has been 
shown that the usual laboratory mammals are quite susceptible to peripheral 
inoculation of virus and, at least in guinea pigs, viremia titers approximate those 
found in horses. 

Wild birds, especially those native to North America, when infected with 
VEE virus do not have viremia levels as high or of as long duration as horses.” 
In fact, occasional individuals, especially doves and pigeons, seem to be re- 
fractory to infection. Birds in the viremic phase of the disease seldom had 
sufficient blood virus present to allow mosquito infection. WEE viremia 
periods in these birds rarely exceeded 3 days. 

The United States probably has little to fear concerning VEE, since it is 
apparently dependent upon a mammal reservoir. Such a disease would have 
difficulty in becoming permanently established in areas where the mammalian 
wildlife has been reduced to the low point now prevailing in the United States. 
Also, due to the restricted movement of mammals as compared with that of 
birds, such a disease would probably remain very limited geographically should 
it be introduced. 

In summary, the information now available seems to indicate that mammals 
do not circulate enough virus in their blood during the viremic phase of the 
disease to be of any importance as a source of virus for epidemic arthropod 
vectors of SLE or WEE viruses. Horses may occasionally provide an infective 
blood meal for mosquitoes during the viremic phase of EEE virus infection. 
However, the blood of horses infected with VEE virus is an excellent source of 
virus for mosquitoes. Birds are excellent sources of virus for mosquitoes when 
infected with SLE, WEE, and EEE viruses, but are rather poor hosts in this 
respect during the viremic phase of VEE infection. 

Although many, or perhaps all, species of birds are capable of circulating the 
encephalitis viruses in quantities sufficient for the infection of mosquitoes, other 
factors must be considered in assaying the relative importance of any particular 
species. These factors are those characteristics or habits that allow ex- 
posure to the virus. Thus, it has been observed that gregarious species such 
as white ibis and yellow-crowned night herons show a high rate of antibody 
to EEE virus.*:'® In addition to other factors, such as longevity, which could 
account for this observation, the heavy concentration of young susceptible 
birds in a small area during the nesting season no doubt offers an optimum op- 
portunity for the virus to become disseminated. The gregariousness of a 
species must, however, be associated with the selection of a suitable habitat, 
since it has been observed that gulls or even herons nesting on coastal islands 
show every little or no antibody to EEE. Although these latter birds are 
exposed to many mosquitoes, the species are those that may serve as epidemic 
vectors rather than those species found in endemic situations. If the virus 
were introduced under these conditions, such birds could add an important 
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apetus to the spread of an epidemic, but they are of little or no importance in 
-e long-term survival of the virus. 

The selection of a particular type of habitat is also of importance in smaller 
secies. During endemic times, isolations of EEE virus have been confined 
» such birds as thrushes, catbirds, and grackles: species preferring moist 
wampy woodlands. Under epidemic conditions, isolations of EEE have been 
-ade from English sparrows, pigeons, wild pheasants, and other such birds: 
mecies that are normally found in more open areas. Surveillance for infection 
these latter species could probably furnish warning for an incipient epidemic 
_ humans or horses. 
| Whether or not these viruses may acquire properties that favor epidemic 
yread or whether the occurrence of an epidemic is dependent solely upon the 
‘om coincidence of virus, heavy mosquito populations, and a dense sus- 
-ptible bird population is not definitely known. It is interesting, however, 
at a strain of EEE virus isolated under an endemic condition produced in- 
boparent infections and maximum viremia titers of 10° to 10°-° LD 50 in pheas- 
rats, while a strain isolated from pheasants during an epidemic period produced 
naximum viremia titers in pheasants of 10** to 107° LD5o accompanied by 
linical disease. Likewise, a strain of SLE virus isolated from a bird during an 

idemic in Kentucky produces higher viremia titers in birds than does a Cali- 
yrnia strain isolated during an endemic period. 

In the experimental infections of birds observed at the Montgomery labora- 
ory, virus has never been recovered from birds later than two weeks after the 
titial infection, except in two instances, both of which were SLE infections. 
Ine would expect that a second viremia would be of a fleeting nature, cut short 
vy a rapid antibody recall and that, as such, it would offer very limited oppor- 
bunities for the infection of mosquitoes. However, mosquito transmission may 
sot be the only method of transfer of virus from bird to bird, since transmission 
»f EEE occurs with ease among captive pheasants even in the absence of ar- 
Hhropod vectors. The poor antibody response in birds following SLE infection 
hould encourage the exploration of the latency problem in this particular 
isease. In the cases of EEE and WEE, however, it has been our experience 
hat antibody response in birds is rapid following the termination of viremia, 
and persists for long periods. . 

Working on the hypothesis that the latent virus may be masked in some form, 
« limited experiment was carried out in which the tissues of sparrows which 
ad recovered from SLE infections were grown in tissue cultures. In this 
-nanner it would be possible to free the tissues of antibody, and the rapid pro- 
iferation of tissue might encourage a build-up of virus. These experiments 
met with negative results. _y. 

However, the question of latency in the vertebrate host cannot be dismissed, 
since many possible mechanisms have yet to be explored. oa 

Thus far the vertebrate hosts have been neglected in the application of con- 
trol measures for the encephalitides, yet in the absence of a suitable host popu- 


lation the virus could not exist. 
Due to the type of habitat in w 


hich EEE virus is found, it is unlikely that 
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mosquito abatement could ever be practicable for the control of this disease. 
It is only under unusual circumstances that a human infection or even a horse 
infection would be expected to result from an exposure to mosquitoes feeding 
on swamp-inhabiting birds. The birds that live in proximity to human habi- 
tations are the more likely sources for virus that infects man and his domestic 
animals. Therefore, an effort to reduce the populations of certain pest birds 
such as English sparrows, starlings, and pigeons would be in order whenever 
this disease threatens. 

Much more must be known concerning the identity of the endemic hosts for 
SLE virus. However, the severity of epidemics of SLE in urban areas of the 
central United States might be lessened by population control of the less desira- 
ble birds that serve as epidemic hosts of the virus. 

For any of the arthropod-borne encephalitides, a combined attack on both 
the vectors and epidemic hosts should reduce the activity of the virus to a 
level below that rendered potentially possible by efforts directed toward only 
one member of the infection cycle. More information is needed concerning 
the bird population concentration that is needed to support epizootic activity 
of these viruses. 
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Eastern equine encephalitis (EEE) was first reported in ring-necked 
pheasants by Tyzzer, Sellards, and Bennett in Connecticut in 1938.! Beau- 
dette et al. described 27 outbreaks from 1939 to 1953 occurring in pheasant 
flocks raised commercially in New Jersey.2* Beaudette concluded, ‘‘... EEE 
occurs with sufficient frequency to pose a serious economic problem to breeders 
of ring-necked pheasants in New Jersey and, perhaps, in other highly endemic 
areas. For this reason and because of its public health importance, further 
effort should be made to elucidate the epidemiology of EEE and to devise 
practical methods for its control.’ 

Prior field trials with respect to the efficacy of an EEE vaccine in pheasants 
were made by Holden® and by Beaudette.* Holden stated, with respect 
to a planned vaccine study in 1953: ‘‘Results of the immunization procedure and 
the experimental manipulations of the birds were not conclusive. A November 
storm destroyed the outside rearing pens releasing most of the birds therein. 
Therefore, it was impossible to determine relative attack rates in immunized 
and control birds.” Beaudette stated: “The outcome in nonvaccinated and 
vaccinated at Forked River in 1946 was rather spectacular in that the disease 
did not appear in any vaccinated pen.” In previous studies, however, Beau- 
dette ef al.* had noted that ‘Proportions in excess of ninety per cent of the 
population in an individual pen may show signs of disease. Other birds of 
the same age in contiguous pens may escape disease for weeks or perhaps alto- 
gether.” It is therefore possible that birds in the pen in which all were vac- 
cinated were never under viral challenge. In the same year Beaudette® re- 
ported an outbreak among vaccinated birds on the New Gretna, N. J. farm 
investigated. No actual mortality figures were available. 

Under controlled laboratory conditions Kissling!® observed a survival rate 
of 67 per cent (6/9) in a group of pheasants that were vaccinated with a single 
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ose of formolized EEE vaccine after challenge with a strain of virus that 
caused a 70 per cent (7/10) mortality in nonvaccinated pheasants. This 
ypparent protection occurred in spite of the fact that no demonstrable neu- 
ralizing antibody appeared following use of a single dose of formolized vaccine. 

The work discussed in this paper is an attempt, under controlled field con- 
itions, to evaluate the usefulness of a formolized chick embryo vaccine in 
the control of naturally occurring EEE within individual pens of commercially 
saised pheasants. The study was made during the 1956 epizootic in New 
-ersey. 


Materials and Methods 


In August 1956 a commercial pheasant-breeding farm at Deans, N. J., 
evith approximately 5000 pheasants, had lost more than 1500 birds. The virus 
mf EEE had been isolated by F. R. Beaudette of Rutgers University, New 
3runswick, N. J., from some of these birds. Ficure 1 illustrates the distribu- 
ion of pens at the farm. 

The disease first appeared August 16 in Pen 3, which contained 1800 birds 
1 weeks of age (hatched May 28, 1956). By September 4 the epidemic in 
i pen had subsided, after a mortality of 78.9 per cent. The disease next 
uppeared August 22 in Pen 1 (A and B), which contained 1800 birds 13 weeks 
mf age (hatched May 21, 1956). In FicuRE 1 it can be seen that Section A 
yf Pen 1 and Pen 3 are contiguous for a distance of 150 feet. All pens were 
sonstructed of chicken wire, were 7 feet high, and had supporting posts 12 
am apart. A ceiling of chicken wire or twine netting supported by posts 12 
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Ficure 1. Diagram of the layouts of the pheasant farms at Deans and Jamesburg, N. if 
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TABLE 1 


ComPARISON OF Mortatity RATES OF PHEASANTS DURING THE First SEVEN Days OF 
AN Eprmwemic of EEE in Pen 1 AND PEN 7, SUMMER OF 1956 


First seven days of outbreak of EEE 
aN Per cent Standard error 
Living Dead Total mortality of rate 
Pend cere eee 1563 237 1800 Sealey +0.79 
Pari ee 524 74. | 598 12.37 3) le 
ANG tale evamecnr are 2087 311 | 2398 12.97 +0.69 


Critical ratio = 0.4995; X? = 0.2495. Interpretation: no difference. 


feet apart prevented the birds from escaping. At the time of our initial visit 
on August 27, 1956, 238 birds in Pen 1 (A and B) had died. 

Adjacent to Pen 1 (A and B) was Pen 2A, which contained 860 pheasants 
(hatched June 26, 1956) showing no signs of encephalitis on August 27, 1956. 
The pheasants in Pens 1, 2, and 3 were raised on the ground. 

Pens 4 and 5 were on platforms 4 feet from the ground. The birds kept 
in them were thus said to be raised “‘on wire” and were never in contact with 
the ground. Pen 4 contained 400 birds (hatched July 4, 1956), and Pen 5 
contained 100 birds (hatched May 7, 1956). Pen 6 (on the ground) contained 
600 pheasants retained as breeders from the previous year (1955). Pen 4 was 
250 feet from both Pen 1A and Pen 3. Pen 6 was 33 feet from Pen 1A. 

On September 19 the disease broke out at a farm near Jamesburg four miles 
distant from the farm at Deans and separated from it by a swamp (Pigeon 
Swamp). Both the Deans and Jamesburg establishments were located on 
sandy soil typical of the coastal plain of New Jersey. The Jamesburg farm 
obtained its pheasants (hatched May 28, 1956) as day-old chicks from the 
Deans farm. The Jamesburg pen will be referred to as Pen 7 and is included 
in the vaccination studies. Statistical analysis of the Jamesburg outbreak 
(TABLE 1) establishes the comparability of the mortality rate of Pen 7 and the 
mortality rate in Pen 1 (A and B) at Deans. 

The vaccine was utilized under two conditions: (1) in affected Pens 1 (A 
and B) and 7, seven days after outbreak; and (2) in pre-epidemic Pen 2A and 
nonaffected Pen 4. Each bird received 0.2 ml. of undiluted formolized chick 
embryo bivalent vaccine* injected intramuscularly into the pectoral region. 
A repeating-type vaccinating syringe was used.t One needle (14 in., 20 
gauge) was used for 50 to 75 birds. In Pens 1A and 2A birds were handled in 
alternating groups of 10 to 15. The vaccinates were stained with an alcoholic 
methyl green solution. The nonvaccinated controls were stained with an 
alcoholic carbol fuchsin solution, in both instances, on the medial surface of 
the left wing. The nonvaccinated pheasants were allowed to run with the 
vaccinated birds in the same area. Birds failing to respond to drives in Pen 

* This vaccine was generously provided by Samuel Bozeman of Pitman-Moore Labora- 
tories, Indianapolis, Ind. 

{ Vipol Intramuscular Vaccinator produced by Vineland Poultry Laboratories, Vineland, 


Sussman ef al.: Equine Encephalitis in Pheasants 331 


»A were classified as “nonvaccinated—not handled.” In Pen 4 vaccine was 
njected into all the birds. Pen 5 was maintained as a nonvaccinated control 
or the birds raised on wire. 

Dead birds were picked up daily, and the pens in which they died, their 
saccination status, and the date of death were recorded. All heads were frozen 
or virus isolation. Birds were opened and observed for macroscopic (post- 
siortem) lesions of diseases other than encephalitis. Blood samples were 
-aken from representative birds in all pens at varying intervals. 

The procedure employed was to vaccinate the pheasants in the unaffected 
»ens before entering those in which the epidemic was present. The birds first 
-accinated were the 400 raised on wire in Pen 4; those in Pen 5 were left un- 
-accinated as its control. The next group handled comprised the birds in 
en 2A; 530 (61 per cent) of the 860 total number of birds were vaccinated 
»y August 28. On September 19 (21 days later) the breeder moved 402 of the 

»est-feathered, least-picked birds to Pen 2B. Of this group 243 (60.4 per cent) 
ad been vaccinated. Pen 2B had not been used the previous season, and the 
-yirds in it were debeaked prior to placing them in the new pen. On September 
1 (23 days after vaccination) the disease broke out in Pen 2A; of the 458 birds 
hat had been left in this pen, 280 (61.1 per cent) had been vaccinated. 

Before vaccinating in Pen 1, where an epidemic prevailed, the pen was 
Hivided into Sections 1A and 1B. Prior to this division there was feed and 
bvater in both sections of the pen, and the birds passed freely from one part to 
he other. No attempt was made to count or to select birds for either section. 
The separation was made by erecting a chicken-wire fence from ground to 
oof netting. Four hundred fifty (450) birds were left in Pen 1B to serve as 
sonvaccinated controls for Pen 1A. In Pen 1A there were 1113 pheasants. 
‘a were driven in successive drives into a catching enclosure. Of this 
“handled” group, 540 were vaccinated and marked with green dye; 288 were 
not vaccinated and were marked with red dye. The remaining 285 birds 
ithat did not respond to the drives were noted to be in poorer condition than 

the handled birds. These nonvaccinated birds were subsequently referred to 

as “not handled—no color” in the mortality records. In Pen 1A, as a 
hale, 48.5 per cent of the 1113 birds were vaccinated on August 29 and 30. 

Pen 7 at Jamesburg, containing 598 pheasants, experienced an outbreak of 
‘EEE on September 19. The diagnosis was confirmed by virus isolation at 
‘Rutgers University by Beaudette. On September 26 the remaining 524 birds 
rin Pen 7 were vaccinated. 

There were thus 4 groups of pens involved: _ 

Group 1, representing 3 proportions of vaccinated to nonvaccinated pheas- 
-ants 7 days after outbreaks of the disease in the pen, all raised on the ground: 
(A) Pen 1B, 0.0 per cent vaccinated; (B) Pen 1A, 48.5 per cent vaccinated; 
-and (C) Pen 7, 100.0 per cent vaccinated, Sieve 

Group 2, consisting of 2 groups of birds vaccinated when no EEE disease 
was present: (A) Pen 2A, 61.1 per cent vaccinated (birds raised on the ground); 

(B) Pen 2B, 60.4 per cent vaccinated (birds raised on the ground); and (C) 

Pen 4, 100.0 per cent vaccinated (birds raised on the wire). 
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Group 3 included 2 pens of nonvaccinated and healthy birds: (A) Pen S, 
birds on wire; and (B) Pen 6, breeders (on the ground). 

Group’4, the first pen to be affected, in which no attempt had been made to 
curb the disease: (A) Pen 3. 


Results 


Pens vaccinated 7 days after outbreak. ‘The daily mortality in Pens 1A, 1B, 
and 7 following vaccination is given in TABLE 2. The results are graphically 
illustrated in FIGURE 2, which shows the survival curves of pheasants plotted 
according to the actuarial method employed in life tables as described by 
Berkson and Gage.'! The survival curves of the vaccinated groups level off 
about the ninth day after vaccination, whereas that of the nonvaccinated birds 
in Pen 1B continued its downward descent to the thirteenth day. The differ- 
ences in the three are statistically significant (TABLE 3). 

FicurE 3 shows the survival curves within Pen 1A where 48.5 per cent of the 
1113 birds available were vaccinated. As previously indicated, the non- 


TABER 2 


TABULATION OF DEATHS AMONG BirDS IN PENS VACCINATED SEVEN Days 
AFTER OUTBREAK 


Pen 1A 
‘Pen 1B 100% | a 
No. days after 51.5% nonvaccinated | Eee. — x 
vaccination 48.5% Total 1A | All dead dai bird 
en Vaccinated | All dead birds leas 
Handled red| handled, | Total | Steen | birds | 
no color | 
. > 
1 8 2h Ne 32 10 42 26 | 11 
2 12 14 26 12 38 12 9 
3 20 30 50 29 79 30 | 45 
4 23 19 42 25 i 68s 23 18 
5 33 37 70 32 102 30 15 
6 11 39 50 11 61 26 25 
7 6 22 28 7 aS 24 16 
8 12 22 34 11 45 36 5 
9 2 4 6 — 6 38 2 
ull0) _- 3 3 2 > 41 | 3 
11 — 5 5 — x 12 3 
12 — 1 1 -- 1 10 — 
13 — i 1 — 1 3 2 
14 — 1 1 — 1 3 — 
15 — 1 1 — 1 a = 
16 — — = = —— a 1 
17 — oe — = = . 1 
20 -~ 1 1 1 2 — = 
22 2 — ) = 2 1 
24 — — = — _ 2 Foe 
Number of - 
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Number of 
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FIGURE 2. Survival curves, by pens, of pheasants vaccinated seven days after the out- 
break of the epizootic. 


TABLE 3 


NUMBER AND PER CENT OF PHEASANTS LivinG OR DEAD, VACCINATED Seven Days AFTER 
OUTBREAK OF EEE, SUMMER 1956 


Number Per cent 
Location 
Living Dead | Total Mortality SE-rate 
Pen 7, 100% vaccinated......... 368 156 | 524 29.8 +2.00 
Pen 1A, 0.0% vaccinated. ....... 619 | 494 1113 44.4 41.49 
Pen 1B, 48.5% vaccinated....... 130 | 320 | 450 Filet +2.14 


X2 = 170. Interpretation: reliable difference. 


vaccinates that were not handled were in poorer physical condition and their 
survival rate was low (21.4 per cent). Of the handled birds, the vaccinated 
portion had the highest survival rate (73.9 per cent), whereas the nonvaccinated 
handled portion had a lower survival rate (55.2 per cent), a statistically signifi- 
cant difference (TABLE 4). The ‘“nonvaccinated total” group represents both 
the handled and nonhandled birds. 

Frcure 4 presents survival curves of vaccinated and nonvaccinated portions 
of the birds in Pen 1A as compared to those of the totally vaccinated birds in 
Pen 7 and the totally nonvaccinated occupants of Pen 1B. The survival 
rates of those comprising the vaccinated portion of Pen 1A and the 100.0 
per cent vaccinated Pen 7 were similar, and TABLE 5 indicates that no statistical 
difference exists between these two rates. The survival rates for the pheasants 
in the nonvaccinated portion of Pen 1A and the entire population of Pen 1B, 
in which no birds were vaccinated, were statistically different (TABLE 6) it 
appears that the benefits of the vaccine do not confine themselves merely to 
birds vaccinated; a more favorable survival rate is found among susceptible 


birds remaining in the pen. Ina disease spread by bird-to-bird contact, the 
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Ficure 3. Survival curves of pheasants in Pen 1A, vaccinated seven days after the out- 
break of the epizootic. 


TABLE 4 
CoMmPARISON OF MorTALITY RATES OF VACCINATED AND NONVACCINATED HAnDLED Birps: 
Pen 1A 
Pheasants in Pen 1A Living Dead | Total | bea | prt 
- ee 4 
Vaccinated ereena sss eennan 399 141 4)- “S40 V1 ae Wh ee 
Nonvaccinated, red............. 159 129 288 | Oe a ee 
Mota liga iiyakn atts co ene 558 270 828 32.6 | +-1.6 


Critical ratio = 5.2; X? = 27.5. Interpretation: reliable difference. 


greater the number of protected birds the more difficult it becomes for the 
virus to reach the decreased number of susceptibles. In birds vaccinated during 
this epidemic, results indicate that regardless of the proportion of individuals 
vaccinated, the survival rates in the vaccinated birds remained fairly constant. 

FIGURE 5 indicates the per cent occurrence of deaths of pheasants in Pens 
1B, 1A, and 7. It will be noted that the peak occurrence of mortality occurred 
on the third day following vaccination in the 100 per cent vaccinated group 
(Pen 7), on the fifth day following vaccination in the 48.5 per cent vaccinated 
group (Pen 1A), and on the tenth day following vaccination in the 0.0 per 
cent vaccinated group (Pen 1B). Vaccination in the midst of this epidemic 


shortened the time necessary to reach the peak of epidemic loss and decreased 
the number of individuals that succumbed. 
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Ficure 4. Survival curves of vaccinated and nonvaccinated birds of Pen 1A as compared 
to those of totally vaccinated birds of Pen 7 and of the totally nonvaccinated birds of Pen 1B. 


TABLE 5 
ComPARISON OF Mortatity RATES OF VACCINATED PHEASANTS IN Pens 1A AnD 7 


Living Dead Total Ee Te slo 
Vaccinated Pen 1A...... are 399 141 540 26.1 +1.9 
Vaccinated Pen7..... en 368 156s 524 29.8 +2.0 
pRotal: sade oe ere a0 wis ef ee 767 297) i 1064 | ZED +1.4 


Critical ratio = 1.33; X? = 1.77. Interpretation: no difference. 


TABLE 6 


COMPARISON OF Mortality RATES OF NONVACCINATED PHEASANTS IN 
Pens 1A anp 1B 


| sing | Dad | romt | Bengiat | Stendor 
Nonvaccinated Pen 1A.......... 220 | 353 EW ie) 61.6 +2.0 
Wonvaccinated Pen 1B........-- 130 | 320 | 450 iid p21 
eet ae ee ee ‘| 350 673 | 1023 65.8 15 


Critical ratio = 3.2; X? = 10.1. Interpretation: different. 


TABLE 7 and FIGURE 6 summarize the results in this group of birds vac- 
cinated seven days after an outbreak occurred. 

Pen vaccinated 23 days prior to outbreak. TABLE 8 presents the daily mor- 
tality in Pens 2A and 2B. The outbreak first appeared in Pen 2A on Sep- 
tember 21, 23 days after 61.1 per cent of the birds had been vaccinated. The 
birds in Pen 2B had been moved from 2A on September 19, 2 days prior to 


epidemic onset in Pen 2A. nee 
Ficure 7 indicates the survival curves for Pen 2A. The significant dif- 
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FicurE 6. Survival and mortality rates of birds vaccinated seven days after the outbreak 
of the epizootic. 


ference in survival rates between the vaccinated (87.5 per cent) and the non- 
vaccinated portions (30.3 per cent) are readily observable. Ficure 8 il- 
lustrates the percentage of deaths occurring in Pen 2A. The epidemic ran 
its normal 21-day course and the peak mortality rate occurred on the eighth 
day of the epidemic for the nonvaccinated group and on the thirteenth day 
for the vaccinates. Of the vaccinated group, the birds succumbing resisted 
the challenge for a longer interval of time. This would suggest that a 
vaccine “break” occurred only after a sufficient virus challenge had been built 
up within the pen. 
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TABLE 7 


NUMBER AND PER CENT OF PHEASANTS LIVING AND DEAp, VACCINATED SEVEN Days AFTER 
OUTBREAK OF EEE, SumMMER 1956 


Number Per cent 
Location a 7 _ : : Pall 
ha Sun 8 a. : Standard ; 
Living | Dead | Total Survival | Mortality | error of |Vaccinated 
| rate 

IETS So onset be heim oak 368 | 156 524 70.2 29.8 +2.0 100.0 

EINS OF ae es eee 1 430 | 320 450 28.9 Talo +2.1 0.0 

TTS NR apace rane Por, 494 1113 SOME 44.4 +1.5 48.5 

Vaccinated, green....| 399 | 141 | 540 73.9 2Gaull +1.9 | 100.0 

Nonvaccinated ......| 220 353 573 38.4 61.0 +2.0 0.0 

Handled, red...... 159 129 288 55.2 44.8 +2.9 0.0 
Not handled, no | 

CONOR Ste Oe wre axeiy eyere = 61 | 224 285 21.4 78.6 +2.4 0.0 

TABLE 8 


TABULATION OF DEATHS AMONG Birps VACCINATED 23 Days PRIOR TO OUTBREAK 


Pen 2A Pen 2B 
Days of outbreak 
Nonvaccinates Vaccinates All dead birds All dead birds 
1 4 1 2. 
2 4 — 4 
3 3 — 3 1 (nonvaccinate) 
4 4 i 5 
5 11 — 11 2 (nonvaccinates) 
6 10 2 A? 
i 10 —_ 10 
8 17 4 PA 
9 11 1 12 
10 11 4 15 
11 Bl | 5 16 
12 8 4 i, 
13 4 6 10 
14 5 3 8 
15 3 — 3 
16 1 3 4 
17 2 — aw 
18 a 1 4 
19 1 — 1 
20 — —— ea 
21 1 — 1 
ae a = c= 
Number of dead 124 25 159 3 
birds 
Number of birds 178 280 458 402 


Ficure 9 summarizes the findings in Pen 2A. Of the 178 nonvaccinated 
birds, 124 or 69.7 per cent succumbed, whereas of the 280 vaccinated only 36, 


r 12.5 per cent, died. , 
; In Pen 2B three birds, all nonvaccinated, died from the disease. Since 
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Ficure 7. Survival curves of birds in Pen 2A, vaccinated twenty-three days prior to the 
outbreak of the epizootic. 
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Ficure 8. Per cent occurrence of deaths of birds in Pen 2A, vaccinated twenty-three days 
prior to the outbreak of the epizootic. 


4 


these birds were moved two days before the onset of the epidemic in Pen 2A, 
it is possible that they succumbed to an infection contracted in Pen 2A prior 
to their transfer. It is difficult to ascertain whether the failure of the disease 
to reach epidemic proportions in the new Pen 2B should be attributed to (1) 
the debeaking performed as the birds were transferred, (2) the fact that they 
were placed in a new, clean pen, or (3) the better condition of the birds at 
the time they were selected. 

No losses due to the disease were noted in Pens 4,5, or 6. Sera obtained 
from Pens 5 and 6 indicate negative results in these disease-free pens of non- 


vaccinated birds. Tapre 9 summarizes the results for these pens and for Pens 
2A and 2B. 
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178 Birds nonvaccinated (38.9 %) 


Ficure 9. Survival and mortality rates of birds in Pen 2A, vaccinated twenty-three days 
prior to the outbreak of the epizootic. 


TABLE 9 


NuMBER AND PER CENT OF PHEASANTS LivING AND DEAD IN PENS UNAFFECTED AT TIME 
OF VACCINATION, SUMMER 1956 


Number Per cent 
Location | 
me Cee _ | Standard 
Living Dead | Total | Survival | Mortality| error of | Vaccinated 
| rate 
24 aS eee 299 159 ASS) 65.3 34.7 Dine (il tt 
Vacemnated....... 245 35 DS" eeyfabee ||| | BPS 1.98 100.0 
Nonvaccinated : 54 124 178 S058) || OLed 3.45 0.0 
Per 2B... - ; 399 3 402 Coe | Wed 0.42 60.4 
Vaccinated .........-| 243 0 243 100.0 0.0 — 100.0 
Nonvaccinated...... 156 3 159 98.1 1.9 1.08 0.0 
Pete ake 2 + 54: 400 0 400 100.0) | 0.0 — 100.0 
Zo eer ; 100 0 100 100.0 0.0 — 0.0 
STAs. aa ok ey <t> OOU) 0 600 100.0 0.0 — 0.0 


| 
| 
| 
| 


It is apparent from the results in Pen 2A that vaccination prior to out- 
break did in fact offer substantial protection (87.5 per cent survival) to those 
birds vaccinated. Only under the severe challenge produced by allowing 
susceptible controls to remain within the pen did some single vaccinated birds 
“break” (12.5 per cent). The authors feel that, if 100 per cent of the birds 
in the pen had been vaccinated prior to exposure, the viral build-up would 
have been limited, and the vaccine “breaks” would have occurred less fre- 
quently, if at all. The question of debeaking versus vaccination must be 
settled by wildlife management personnel and commercial breeders on the 
basis of ability of the birds to survive in nature upon release and by the eco- 
nomics of the industry. 


Summary 


The efficacy of vaccine in an epidemic and pre-epidemic situation of EEE 
was evaluated in New Jersey during the 1956 epizootic. The vaccine was 
proved effective under the conditions of the experiment. 

Under controlled conditions, pens of pheasants that had undergone the 
first week of the 3-week disease cycle were vaccinated. The resulting mortality 
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rates were as follows: 29.8 per cent (100 per cent vaccinated), 44.4 per cent 
(48.5 per cent vaccinated), 71.1 per cent (0 per cent vaccinated). Analysis 
of the results within the 48.5 per cent pens of vaccinated birds indicates that 
the vaccine protected the vaccinated birds and, to a degree, the nonvaccinated 
birds as well. The use of vaccine influenced the epidemic curve so that the 
peak of mortality occurred earlier in pens of vaccinated birds as opposed to 
the pens in which the birds were nonvaccinated. 

The utilization of a vaccine on 61.1 per cent of the birds in a pen 23 days 
prior to an outbreak indicated that the vaccine produced sufficient immunity 
in that period to protect 87.5 per cent of the birds vaccinated as opposed to a 
survival rate of 30.3 per cent of the nonvaccinated controls. A study of daily 
mortality indicates that the peak mortality in the vaccinates occurred in 
the second week of the 3-week epidemic, as opposed to a first-week peak noted 
in the susceptible controls. This suggests that a vaccine “‘break”’ occurred 
only after a sufficient virus challenge had been built up within the pen. 
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Discussion of the Paper 


S. A. GoLpBERG (Presbyterian Hospital, Newark, N. J.): While examining 
the late D. H. Udall’s collection of slides from an enzootic disease of horses in 
Kansas thought to be caused by a certain toxin from a plant in the pastures, 
it was noted that the principal lesion in the brain was perivascular lymphocytic 
infiltration ‘‘mantling,”’ which is similar to the lesion in encephalitis. 

Because lymphocytes are extremely radiosensitive, it was thought that 
radiotherapy should be useful in the treatment of acute encephalitis. 

To verify this hypothesis, mice were inoculated intranasally with the St. 
Louis strain of encephalitis virus. Treatment consisted of one-fourth erythema 
dose started one day after inoculation. 

Of 38 mice treated, the incubation period varied from 6 to 11 days. Nine- 
teen survived. Of the others, 1 survived 6 days, 4 survived 8 days, and 14 
survived from 9 to 11 days. 

Of 53 mice similarly inoculated but not treated, the period of incubation 
varied between 5 and 8 days. All but 1 lived only 1 day after symptoms ap- 
peared. Only 1 survived. 

Of 7 human cases treated, all recovered and none developed postencephalitic 
Parkinson’s syndrome after 10 years of observation. 

Portman and Lough tested this treatment on 49 cases of acute encephalitis. 
Of these, 59 per cent were considered recovered and 30 per cent improved. 
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Part IJ. Other Problems in Virology 
ORPHAN VIRUSES OF MAN AND ANIMALS* 


By G. D. Hsiung and Joseph L. Melnick 
Yale University School of Medicine, New Haven, Conn. 


INTRODUCTION 


The increased use of tissue culture methods in the field of virology has re- 
sulted in the discovery of many cytopathogenic agents. These viral agents 
may be recovered from the tissues and excreta of man and the lower animals; 
many of them defy detection by methods other than cell cultivation. Although 
we have excellent methods for the detection of these newly recognized viruses, 
we are only beginning to learn about the diseases, if any, that they may produce. 
These agents have been called “orphan” viruses because we know so little about 
the diseases with which they may be associated. As so many of them have 
been isolated from the intestinal tract, they have been considered with the 
enteroviruses. It is well known that families of viruses such as those of 
herpes and the pox group exist in different species, and now it appears that 
we also have enteroviruses for a number of different animal species, such as 
enteric cytopathogenic human orphan virus (ECHO); enteric cytopathogenic 
monkey orphan virus (ECMO); enteric cytopathogenic bovine orphan virus 
(ECBO); and enteric cytopathogenic swine orphan virus (ECSO). 


ECHO Viruses! 


The human enteric viruses to which the orphan viruses belong are not like 
those enteric bacteria that inhabit the intestinal tract for the life of the individ- 
ual. The proportion of persons carrying enteric viruses decreases as age 
increases. Observations to date indicate that the enteric viruses produce only 
transitory infections, the seriousness of which depends upon the type and 
strain of virus. 

Although some ECHO viruses have been recovered from cases of infant 
diarrhea and from patients with aseptic meningitis, the epidemiological criteria 
regarding all of the ECHO viruses as etiological agents of these syndromes 
have not yet been met. However, certain members of this group have been 
associated with outbreaks of aseptic meningitis,>4 and certain types, notably 
5, 6, and 9, and perhaps others, have been isolated from the cerebrospinal 
fluid. In Europe in 1956, ECHO Type 9 accounted for thousands of cases 
of aseptic meningitis, often with rash,®°? and in 1957 the epidemic spread into 
the United States. Other ECHO viruses, Types 4 and 16, have also been 
associated with cases of rash, as well as with aseptic meningitis. The epidemic 
strains of ECHO Type 9 prevalent in Europe in 1955 and 1956 seem to be 
antigenic variants of the prototype strain. 

In addition to the association of the currently prevalent ECHO Type 9 

* The work reported in this paper was supported in part by a grant from The National 
Foundation for Infantile Paralysis, Inc., New Naoydies INE We 
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strains with outbreaks of aseptic meningitis, one other important fact has come 
out of these studies, namely, that certain of these virulent strains, after passage 
in monkey kidney tissue, produce paralysis and myositis in infant mice. Mice 
become paralyzed when inoculated by subcutaneous or other routes and, 
histologically, exhibit a myositis similar to that found in animals inoculated 
with Group A Coxsackie viruses. In view of these mouse-pathogenic vari- 
ants, the question must be raised at this time (although it cannot be answered 
from the available evidence) whether ECHO Type 9 should be classified with 
the ECHO viruses or with the Coxsackie viruses. 

If a scheme of classification rests on the host range of the virus, then the 
host range of the natural virus before laboratory manipulation might well 
be the criterion of choice. This procedure certainly would make the test 
for host range easier to carry out than one that required, as a preliminary to 
the test, an indefinite number of tissue culture passages. This leads to another 
problem, in that we have isolated a number of Coxsackie A9 and Coxsackie B 
strains that fail to infect infant mice unless these agents are first passaged in 
tissue culture. Obviously, we are only at the beginning in the study of these 
agents, which ultimately may well be grouped together, for purposes of classi- 
fication, as enteroviruses. 


New DEVELOPMENTS IN TISSUE CULTURE METHODS FOR STUDYING VIRUSES 
oF MAN AND ANIMALS 


Morphologic Characteristics of Plaques 


The growth of animal viruses in cells under agar produces areas of necrosis 
resulting in virus colonies or plaques. Differences in plaque patterns produced 
by various animal viruses have been noted by many investigators: for instance, 
Dulbecco, with Newcastle virus and western equine encephalitis virus;* 
Sellers, with vesicular stomatitis and foot-and-mouth disease;? and Dubes, 
with different strains of poliovirus.!? Our own previous studies on the entero- 
viruses had shown": ” that poliovirus Types I, H, and UI produce large, 
circular plaques with clear centers and sharp boundaries within 4 or 5 days 
after seeding on rhesus monkey (Macaca mulatta) kidney cultures (FIGURE 1). 
Coxsackie virus plaques (FIGURE 2) were also round, resembling those of the 
polioviruses except for their delayed appearance, which usually occurs 6 or 7 
days after seeding. Apparently healthy cells stained with neutral red could 
be seen within the area of degeneration; this was especially marked at the 
periphery of the plaques of Coxsackie A9. In order to demonstrate the slow- 
growing plaques of ECHO viruses, it was necessary to adapt Dulbecco’s 
technique® to stoppered bottle cultures, in which monkey kidney cells are 
stable for 14 days or longer under agar. As shown in FIGURE 3a, ECHO 
virus plaques are more irregular in shape than poliovirus plaques, and their 
boundaries are diffuse; exceptions are Types 7 and 12 (FIGURES 3b and Sa), 
which form plaques that are almost impossible to distinguish from those of 
the polioviruses. Measles is another virus that was found to produce typical 
plaques in bottle cultures, as shown in FIGURE 4. Minute plaques with sharp 
boundaries appeared as early as 4 days after inoculation into bottle cultures 
of patas monkey (Erythrocebus patas) kidney cells, and enlarged, although 
slowly, thereafter. 
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FicurE 1. Plaque morphology of polioviruses 8 days after seeding of rhesus cultures: 
poliovirus Type I (Mahoney), poliovirus Type Il (MEF 1), and poliovirus Type III (Saukett). 


Ficure 2. Plaque morphology of Coxsackie viruses 8 days after seeding of rhesus cul- 
tures: Coxsackie viruses A9 (Grigg), B1 (Connecticut -5), B3 (Nancy), B4 (Texas—130), 
and BS (Faulkner). 


Host-Cell Susceptibility 


Important in the characterization of a virus is the determination of its 
host range. Thus, it has been the general experience that adenoviruses may 
be more readily isolated in HeLa cells than in monkey kidney cultures, while 
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FicurE 3. (a) Plaque morphology of representatives of Group A ECHO viruses on 
rhesus cultures 11 days after seeding: Type 3 (Berardi), Type 4 (Pesacek), Type 6’ (Di 
Meo), and Type 9 (Quigley). (b) Plaque morphology of representatives of the 2 groups of 
ECHO viruses on rhesus cultures 7 days after seeding: right, Group A, ECHO Type 13 
(Hamphill); left, Group B, ECHO Type 12 (Travis). 


ceptibility of kidney cells from different monkey species to poliovirus, Cox- 
sackie, and ECHO viruses, using the plaque method, has been reported in 
detail? Of the species investigated, only the kidney cells of rhesus and 


the opposite is true for the ECHO viruses. A comparative study on the sus- 
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FicurE 4. Plaques of measles virus (17th patas passage) in patas bottle cultures 11 days 
after seeding. Dilutions: undiluted tissue culture fluid, 10, 10°°, and 10°. 


TABLE 1 
COMPARATIVE SUSCEPTIBILITY OF RHESUS AND PATAS Monkey KIDNEY CULTURES TO 
DIFFERENT VIRUSES 


| Average number of plaques per bottle— 
AA Concentration of tissue 0.1 ml. inoculum 
Virus culture fluid —— = SS “= 
| Rhesus patas 
| 
Polio waniShpese eels ee tee 1075.7 | 8.9 | Dae 
(COxSAGKTCR AG) erent ere 1076-7 | 28-5 Os 
Coxsackie Bl.............. 10-43 | 17.0 | 33.5 
B CEI OM I ee laren rarens irene 10-6.0 24.2 OF 
ECHOME Greets mtrat 10—5-0 TRS 23.0 
NUON | as Besa en yas cue ore 1073-0 o* | eS) 


* At the virus dilutions used in this experiment, no plaques were formed; however, in 


patas, the African red grass monkey, will be considered here. As shown in 
TABLE 1, patas cells were found to be twice as susceptible as rhesus cells to 
poliovirus and to Coxsackie B1 virus, and about equal to rhesus cells in sus- 
ceptibility to ECHO Type 7. In contrast, Coxsackie A9 and ECHO Type 1 
failed to form plaques in patas cultures. Measles produced distinct plaques on 
patas monolayer, but on rhesus culture it gave an irregular response at best. 


Isolation and Identification of ECHO Viruses 


If we take advantage of differences in plaque morphology and cell sus- 
ceptibility of rhesus and patas cultures, ECHO viruses can be placed into two 


WN 
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TABLE 2 
GROUPING oF ECHO Vtrruses* 


Group A (patas negative) 


1. Small irregular plaques with hazy centers, on rhesus only: ECHO 3 (Berardi strain), 4 
6’, 6", 9, 11, 14, 15. 16, 17, 18, 19. N (Berardi strain), 4, 


2. Small irregular plaques with clear centers, on rhesus (occasionally tiny delayed plaques 


on patas): ECHO 1, 13. 


8. No plaques on either rhesus or patas: ECHO 2, 3, 5, 6, 10. 


Group B (patas positive) 
. Large circular plaques on rhesus and patas: ECHO 7. 
. Small or medium-sized plaques on rhesus and tiny delayed plaques on patas: ECHO 8. 
. Large circular plaques on rhesus and tiny delayed plaques on patas: HCHO 26 


* Except for the 6 prime strains and the Berardi strain of Type 3, all viruses listed are 
prototype strains. 


groups (TABLE 2). Group A contains EC HO virus Types 1, 3 (Berardi strain), 
4, 6’, 9, 11, 13, 14, 15, 16, 17, 18, and 19; these produce small, irregularly 
shaped, hazy plaques in rhesus cultures, but are negative in patas cultures. 
Plaques of ECHO Type 1 and ECHO Type 13 are clearer in the centers; oc- 
casionally, with large inocula of these types, tiny delayed plaques appear on 
patas cultures. Group B contains ECHO Types 7, 8, and 12; these ECHO 
types are positive in pafas cultures as well as in rhesus cultures. ECHO Type 
7 (g1cuRE 5a) produces large circular plaques resembling those of poliovirus 
in both rhesus and patas cultures. ECHO Type8 (FIGURE 5b) produces smaller 
and more irregular plaques on rhesus cultures and tiny delayed plaques 
on patas cultures. ECHO Type 12 produces large circular plaques on rhesus, 
but small irregular plaques on patas cultures. The prototype strains of ECHO 
Types 2, 3, 5, 6, and 10 have not produced plaques; in tube cultures they 
were found to be cytopathogenic for rhesus but not for patas cells and are 
considered to be members of Group A. The reasons for the failure of these 
ECHO viruses to produce plaques are obscure, particularly in the case of 
the Type 6 prototype strain (D’Amori), which produces complete cytopathic 
changes in 48 hours when cells are kept in a fluid medium. Although the cell 
sheet degenerated under agar when the inoculum of this strain was large, no 
clear plaques have been observed. 

Difficulties have been encountered in identifying different strains of ECHO 
Type 8 isolated from various stool samples. As shown in FIGURE 6a, stool 
No. 269, which was typed as ECHO Type 8, produced small irregular plaques 
on rhesus cells at 10-* concentration, and gave no plaques when an inoculum 
one thousandfold greater was placed on palas cultures. Thus, this strain 
of ECHO Type 8 is like those belonging to Group A. On the other hand, 
stool No. 271 (FIGURE 6b), which was also typed serologically as ECHO Type 8, 
produced circular plaques on rhesus as well as on patas cells, thus resembling 
ECHO Group B viruses. A rhesus tissue culture passage of stool No. 279 
(FIGURE 6c) that produced plaques of medium size on rhesus cells, but tiny 
delayed plaques on palas cells, was grouped as ECHO Type 8 by its biological 
characteristics, as well as by serologic typing. ; 

Presumptive grouping of stool isolates on the basis of plaque morphology 
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FicurRE 5, (a) Plaques of ECHO Type 7 (Wallace) on rhesus (left) and on patas (right), 
7 days after seeding. (b) Plaques of ECHO Type 8 (Bryson) on rhesus (2 bottles at left) 
and on patas (2 bottles at right) 7 days after seeding 


and cell susceptibility, followed by typing with specific antisera, was carried 
out with a total of 70 enteric cytopathogenic agents that had been found to 
be negative for poliovirus and negative for Coxsackie virus in suckling mice. 
The results are shown in TABLE 3. Of these 70 strains, 6 were identified as Cox- 
sackie viruses despite the fact that they had been negative in suckling mice. 
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269 on rhesus (3 bottles at right: diJutions; 10°, 
10-2, and 10~%) and on patas (bottle at left, undiluted) 9 days after seeding; (b) plaques of 
stool No. 271 on rhesus (left) and on patas (right) 9 days after seeding; (c) plaques of rhesus 
kidney passage from stool No. 279 on rhesus (2 bottles at left: dilutions; 10-4 and 10~*) and 
on patas (2 bottles at right: dilutions; undiluted and 107) 7 days after seeding. 


Fictre 6. (a) Plaques of stool No. 
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TABLE 3 
IDENTIFICATION OF ECHO Viruses 


| 
Number of tissue | Number typed as | Number typed as Number 
Source of sample culture isolates* ECHO virusest | Coxsackie viruses unidentified 
Phoenix AtiZ eset 34 26 0) 8 
Charleston, W.Va. ...... 25 20 2 3 
@hicagor ll eerie 11 7t 4t 1 
LOtaly. cnn crete 70 53h 6t 12 


* Negative for poliovirus and negative in suckling mice. 
+ Classified among Types 1-19. 
t One stool sample contained a mixture of Coxsackie Type B4 and ECHO Type 4. 


Fifty-three strains fell into the 19 known ECHO types, and only 12 have 
remained as unidentified agents. Selection of the proper typing sera was 
made easier by the preliminary grouping based upon the above-mentioned 
biological properties. 


Mixed Infections 


Mixed infections were easily and quickly recognized by the use of the plaque 
technique. FicurEe 7 shows 2 distinct kinds of plaques in a rhesus culture 
bottle inoculated with a stool suspension; in patas cultures only large circular 
plaques were observed. Because of the greater numbers of the large plaques 
on patas cultures, it was assumed that the large circular plaques were those of 


aioe 


a can 


: ee ike Plaques of mixed infection (stool No. D11) on rhesus (left) and on patas (right) 

Ree pete cey On the rhesus culture smaller ECHO plaques are visible in the lower 
on of the bottle, as well as the large, circular poliovirus plaque in the i 

Only poliovirus plaques appear on patas. ai a 
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_ FIGURE 8. Technique for picking plaques: center, a bottle culture from which 2 kinds 
of plaques have been picked; right, capillary pipette that is used for picking; left, the tube 
culture in which material from the plaque is subcultured. 


polioviruses; and, because it failed to grow in palas cultures, the virus produc- 
ing the smaller irregular plaques on rhesus culture was tentatively classed as 
ECHO Group A. Single plaques were picked as shown in FIGURE 8, using 
the capillary pipette, and were passed into rhesus tube cultures in order to 
obtain a larger yield of virus for further identification. In this case it was 
determined by use of specific antisera that poliovirus Type I and ECHO virus 
Type 17 were present in this specimen. Thus we see that by the plaque method 
2 viruses were readily distinguished, and a pure line of each virus could be 
established by passage and identified by typing with specific antisera. 

The problem of mixed ‘nfections is complicated when the ratio of poliovirus 
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FicureE 9. Mixed infection. In the absence of poliovirus Type I antiserum, poliovirus 
plaques of stool No. 50(2) appeared on rhesus (left) and on pafas (second from left). In 


the presence of this antiserum, ECHO plaques appeared only on rhesus and not on patas 
(right). 


to ECHO virus is excessive. F1GuRE 9 indicates such an example. Stool 
No. 50 grew on both rhesus and patas cultures. However, in the presence of 
polio Type I antiserum, a certain amount of the virus failed to be neutralized. 
These non-neutralizable virus particles grew on rhesus, but not on patas cul- 
tures. Passage of plaques from the rhesus bottle containing poliovirus anti- 
serum yielded a virus that was typed as ECHO Type 18. 

TABLE 4 illustrates some of the problems that a diagnostic laboratory 
encounters in regard to mixed enteric-virus infections. Six fecal specimens 
were tested by the conventional tube method in our laboratory (listed as 
Laboratory A), and three of these were also tested in a laboratory in another 
city (listed as Laboratory B). The first 3 specimens were typed in tube cultures 
as poliovirus Type I, with the ECHO component, which was present at low 
concentration, being missed. Poliovirus was missed from stool I-C-6, pre- 
sumably because in this instance the relative amount was very low. The 
last 2 specimens listed in the table were identified in the tube test as mixtures 
of poliovirus and ECHO virus, and here it is seen that the relative amounts 
of the viruses were more nearly equal. Laboratory B missed the poliovirus 
component in the first 2 specimens listed, presumably because the virus that 
it isolated could not be neutralized by polio antisera. Stool IH-A-21(2) gave 
an interesting result. A cytopathic agent was obtained after this sample 
was treated with poliovirus Type I antiserum. Although the nonpolio agent 
thus obtained reacted with ECHO Type 4 antiserum, it was also noted that it 
produced plaques on patas cultures. Further study was therefore made, 


and it was found that this specimen contained Coxsackie B4 and ECHO 
Type 4, in addition to poliovirus Type I. 
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TABLE 4 


*OMPARISON OF METHODS FOR THE ISOLATION AND IDENTIFICATION OF ENTERIC VIRUSES 
IN Mrxep INFECTIONS 


Tube method | | Pl hod 
(CPE + neutralization) | (Plaque morphology + Site Ci eee + neutralization) 
~ Stool number ee try ae 
Laboratory Laboratory | Mix SE aed 
; B Mixture j 
| | Polio ECHO 
50(2) Polio I | ECHO | Polio I + ECHO 18 (Group A) 87 13 
| [T-A-21 (2) PolioI | ECHO | Polio I + Coxs. B 4 + ECHO 4 | 84 (polio + 16 
(Group A) Cox- 
: - sackie) 
414 PolioI | PolioI | Polio I + ECHO ? (Group A)T 99 1 
ECHO 
L-C-6 | ECHO N.D.* Polio I + ECHO 17 (Group A) 5 95 
i-D-11 | Polio I N.D.* | Polio I + ECHO 17 (Group A) 62 38 
+ 
|} ECHO 
sLIT-B-40 PolioI | N.D.* Polio I + ECHO 11 (Group A) 75 DS) 
=e 
| ECHO 
*N.D. = not determined. 
+ Not typed. 


It can be seen that by use of the plaque method and host-cell susceptibility, 
snixed infections could be recognized more readily and the different agents 
could be separated into pure clones. However, if this method is used for initial 
virus isolation, rhesus tube cultures should be inoculated in parallel with bottle 
cultures in order to detect ECHO viruses that do not produce plaques. 


ECMO Viruses * 


Enteric cytopathogenic monkey orphan (ECMO) viruses are included among 
the simian viruses isolated from monkey kidney cultures by Hull and his 
colleagues.!#:'° These viruses have also been recovered from rectal swabs 
and fecal materials by Cheever’® and by Riordan.7_ In one series of 21 monkeys 
studied in New Haven, Conn., 25 ECMO viruses were recovered. Some of 
these viruses were excreted for a period of weeks from the time of the first 
isolation. The high prevalence of these viruses in monkey stools has led 
to the question of whether viruses apparently recovered from the kidneys 
- or from other tissues of the monkey are really viruses of these tissues, or whether 
they are ECMO viruses that had contaminated the tissue in the course of 
their removal from the body. If these viruses are as widespread as the present 
evidence suggests, then the skin and hair of monkeys must be heavily con- 
taminated, and contamination of the tissue must be considered as a possible 
source of these so-called kidney agents. A cooperative program with the 
laboratories of Hull and of Cheever is now under way in an attempt to classify 

* Although “foamy agents,” as reported by Rustigian’* and Brown, are also simian vi- 


ruses, they are not included in this discussion. It may be said, however, that in our studies’ 
we found that kidney cells of a number of African monkeys, in contrast to those from Asia, 


failed to contain foamy agents. 


: 
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Ficure 10. (a) Bottles inoculated with an ECMO virus of Group C (No. 8006). Rhesus 
culture (left, dilution 10-4) and patas culture (right, undiluted) 7 days after seeding. There 
are typical plaques with islets on rhesus, but no plaques on patas; (b) Bottles inoculated with 
ECMO Group B virus (No. SVis); rhesus culture (left) and patas culture (right) 7 days after 
seeding. Large, circular plaques with islets are visible in cultures of both species. 
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he numerous agents that have been isolated either from kidney cultures or 
‘rom the stools of monkeys. 


Biologic and Serologic Properties of Simian Orphan Viruses 


A total of 51 strains of simian orphan viruses (isolated either from kidney 
sultures or from stool samples) were tested for their plaque morphology in 
thesus bottle cultures and for their pafas cell susceptibility. 

- Some simian viruses were found to produce plaques resembling those of 
*he ECHO viruses described earlier; others have produced distinctive plaques 


haracterized by the presence of islets of apparently healthy cells within 
Phe area of degeneration, as shown in FIGURE 10. Ten strains were found to 
»roduce distinct plaques with islets on rhesus cells, and were negative in patas 
mottle cultures; these were placed in Group C (TABLE 5 and FIGURE 10a). 
| TABLE 5 
ORESUMPTIVE GROUPING OF SIMIAN VIRUSES ACCORDING TO PLAQUE MORPHOLOGY AND 
PATAS CELL SUSCEPTIBILITY* 
Group A: small, delayed plaques, on rhesus cultures and on patas cultures 
7852 SVi P-4 
7853 SV. P-5 
7854 SVu P-6 
7855A SVie P-7 
79994 SVis P-8 
SViz SVe5 P-9 
SVe2 SVoz P-10 
SV23 SVs 
Group B: large, circular plaques with islets on rhesus cultures and on patas cultures 
| 7848 SVz P-4 
7849 SVie rs 
7850 SVis P-11 
7998 
8000 
8226+ 
8228 
8229+ 
8422 
8423 
8427 
8429 


Group C: large, circular plaques with islets on rhesus cultures, but no plaques 
on patas cultures 


7855B SVe P-2 
7999B 

8006 

8227 

8425 

8426 

8431 

8432 


Speer ronan: ; y; the SV series 
* The strains listed in the column at the left were isolated in our laboratory; t \ 
in the center column were made available by R. N. Hull, Lilly Research Laboratories, In- 
-dianapolis, Ind.; and the P series in the column at the right were supplied by F. S. Cheever, 
University of Pittsburgh, Pittsburgh, Pa. 
+ Mixed strains. 
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FicurE 11. Bottles inoculated with a Group A ECMO virus (No. SV,) Rhesus culture 
(2 at left) and patas culture (2 at right) 10 days after seeding. With the large inoculum (107), 
generalized virus degeneration of the cell sheet occurred as soon as any plaques appeared. 
With the smaller inoculum on rhesus cultures, as well as in the pafas cultures, plaques were 
tiny and delayed. 


Group B consisted of strains that produced distinct plaques with islets on 
both rhesus and patas cultures (FIGURE 10b). Group A included those that 
failed to produce plaques rapidly, although with large inocula the cell sheet 
degenerated under agar. However, tiny delayed plaques, like those of measles 
virus, usually occurred on patas as well as on rhesus cultures 10 days or more 
after inoculation (FIGURE 11). Some strains in the latter group gave positive 
complement fixation (CF) responses when allowed to react with human serum 
that previously had been shown to contain adenovirus antibodies. 

Viruses 8226 (FIGURE 12) and 8229 were found to be mixtures. Purifi- 
cation of these virus mixtures was undertaken by picking single plaques, and 
further studies are under way. 

Neutralization tests among the ECMO viruses may be carried out by the 
plaque method as shown in FIGURE 13. Type SV. of Hull and our strain No. 
8227 were placed in Group C because of their plaque morphology and their 
failure to produce plaques on patas cultures. Neutralization of the No. 
8227 virus by SV¢ antiserum indicated antigenic relationship. Similar cor- 
relations were found for SVis and our strain No. 8000, which produced large, 
clear plaques on both rhesus and patas (Group B) cultures, and for Type SVs 
and our strain 7854, which were placed in Group A because they were patas- 
positive, but produced only tiny delayed plaques. Thus, with some of these 


viruses the plaque characteristics and host cell range could be correlated with 
antigenicity. 


On the other hand, although some of the viruses were placed in different 
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Ficure 12. ECMO viruses (No. 8226) on rhesus (left) and on patas (right) 7 days after 
peeding. Two kinds of plaques were noted in rhesus bottle cultures, some with and some 
without islets. Only plaques without islets were observed on patas cultures. 


sroups according to their patas-cell susceptibility (such as No. 7855B, which 
ywas patas-negative, and SV2, which was patas-positive) they were nevertheless 
‘found to be serologically related. Cheever’s P3 agent was a patas-positive 
Strain, but it was neutralized by antiserum to SV¢ (a patas-negative strain). 


ECBO Viruses * 


These viruses are agents isolated from the enteric tract of the bovine species. 
1 oo the fecal samples of healthy dairy cattle Kunin and Minuse”® isolated 
*8 viral agents in tissue cultures of bovine kidney. None of these agents was 
sneutralized by polio, Coxsackie, or ECHO antisera. Moll and Finlayson” 
reported recently on a cytopathogenic viral agent isolated from feces of cattle 
-with fever. M. Klein (personal communication) and Klein and Earley” have 
‘isolated about 70 viruses, all but one from the feces of apparently healthy 
scows. One virus was latent in calf kidney culture. None of the 35 agents 
‘tested were neutralized to any significant degree by polio antisera, although 
neutralizing antibodies to all 3 types of poliovirus were noted in bovine sera.” 
All of these agents were found to grow readily in bovine kidney cultures and, 
in addition, some have been found to propagate in monkey kidney, but not in 
HeLa cultures. It is not unlikely that they may have a biological pattern in 
the bovine species similar to that of the ECHO viruses in man. 

* Enteric cytopathogenic swine orphan (ECSO) viruses were isolated from the stools of 
newborn swine by Moscovici* in Italy. These agents grew rapidly in monkey and swine 
kidney cells, but HeLa cells failed to respond. 
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Figure 13. (a) Neutralization test in bottles, with ECMO virus 8227 ag: 


gainst SV, anti- 
serum in rhesus cultures 8 days after seeding. Virus control bottle at left contained 20 plaques. 
When SV¢ antiserum was present at dilutions of 1:10 and 1:100, no plaques appeared; with 
an antiserum dilution of 1: 1000, 14. plaques were observed. (b) Neutralization test in bottles, 
with ECMO virus No. 8000 against SVis5 antiserum, in rhesus cultures 6 days after seeding. 
Virus control bottle at left contained 42 plaques. No plaques appeared when SVj_ antiserum 


was present at dilutions of 1:10 and 1:100; with an antiserum dilution of 1:1000, 17 plaques 
appeared. 


That viral agents exist in the bovine species was already inferred from the 
fact that bovine sera neutralize certain viruses. For example, as mentioned 
earlier, naturally occurring substances that neutralize the three types of 
poliovirus have been found in normal adult bovine sera.” 


This phenomenon 
is discussed 


more fully elsewhere in these pages by Morton Klein. Sabin 
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and Fieldsteel’® felt that these inhibitory substances are true antibodies, which 
mas led to the suggestion that some of the bovine orphan viruses may be re- 
sated to polioviruses. Recently, Takemori and his colleagues’”® from Tokyo, 
Japan, have shown that one can distinguish between virus inhibitors in bovine 
sera and the true antibodies of poliovirus. 

By several passages of poliovirus Types I and II in HeLa cell cultures con- 
-aining 20 to 40 per cent inhibitory normal bovine serum, mutants were ob- 
_ained that were able to produce large plaques in the presence of the inhibitory 
ovine serum, in contrast to the small plaques of the parent virus.** These 
nutants, although resistant to the inhibitory normal bovine serum, were no 
nore resistant to true polio antibodies (as present in monkey immune serum) 
han were the parent viruses. Therefore, it may be concluded that the prop- 
= of the parent virus that were changed by passage in the inhibitory serum 
were not their specific polio antigenic characters. Thus, the inhibitory sub- 
stances in normal bovine serum cannot necessarily be attributed to a response 
xf the animal to infection with a poliovirus. Only additional work can clarify 
he meaning of these viral inhibitory substances in bovine sera. 


CONCLUDING REMARKS 


We have attempted to review some trends in research on orphan viruses. 
New tissue culture methods continue to yield new viruses at an almost alarm- 
ing rate from virtually every animal species studied. 

The orphan virus category was originally conceived as a place for the tem- 
porary classification of new agents until their diseases were found. It may 
well be that, with so many orphan viruses already recognized, a number of 
ithem may turn out to infect man or lower animals without ever causing disease, 
as is the case with saprophytic bacteria. Other orphan viruses, such as ECHO 
Types 6 and 9, cause aseptic meningitis. As this syndrome is caused by a 

ariety of viruses (including poliomyelitis, Coxsackie, and lymphocytic chorio- 
meningitis), no single agent can be called the virus of aseptic meningitis. This 
‘poses a difficult problem with reference to removing a virus from the orphan 
classification, even when it is known to produce a disease, if the same syndrome 
‘4 be caused by other agents. 
For the next decade, at least, virologists will necessarily be concerned with 
-working out methods for the recognition and classification of these agents. 
“We believe that colony or plaque morphology and cell susceptibility, the 
traditional criteria for classification of bacteria, are of similar value for classi- 
‘fication of viruses. Our recent studies with classifying 70 strains of ECHO 
and 51 strains of ECMO viruses may serve as an example. We were able to 
group them provisionally by plaque morphology and host-cell susceptibility, 
‘without resorting to the tedious and time-consuming serologic procedures re- 
quired if serology alone had been used in relating them to the many antigenic 
types already known among the enteroviruses. 
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Discussion of the Paper 


Henry M. Gerranp (School of Medicine, Tulane University, New Orleans, 


La.): William Flynn and I at the Tulane University School of Medicine prob- 
ably shall be able soon to add another group to the list of viruses presented by 
Hsiung and Melnick. We believe that we may have isolated several members 
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of an ECDO group “enteric cytopathogenic dog orphan” viruses. At least 
jtwo strains have been obtained from a group of fecal specimens collected 
‘trom apparently healthy stray dogs. They were isolated in tissue cultures 
of dog kidney, and seem to be adaptable to monkey kidney cells, but not to 
HHeLa cells. Work has just begun with these agents, but preliminary results 
andicate that they are not neutralized by rabbit hyperimmune sera against 
ethe 3 types of poliovirus, against Coxsackie viruses A9 and B1 to BS, or against 
PECHO viruses Types 1 to 13. These ECDO viruses are neutralized by a 
emajority of the dog sera against which they have been tested, and also by a 
snumber of human sera. They have not yet been tested for neutralization by 
‘specific sera against distemper virus or infectious canine hepatitis (ICH) virus, 
but this will be done soon. However, it seems unlikely that these agents will 

rove to be either distemper or ICH virus. Rabbits are being immunized 
for a more detailed antigenic study of relationships to human enteric agents. 


THE SIGNIFICANCE OF HUMAN ANTIVIRAL NEUTRALIZING 
SUBSTANCES IN ANIMAL SERA* 


By Morton Klein 
Department of Microbiology, Temple University School of Medicine, Philadelphia, Pa. 


In considering infections that are common to man and animals, probably the 
greatest unexplored area is that of the viruses. Tissue culture has given virol- 
ogists the golden touch, and there are now pouring forth an enormous number 
of newly recognized human and animal viruses. If one considers that about 
eighty infections! of animals are already known to be shared in common with 
man, one can predict that a study of these newly isolated human and animal 
viruses will reveal many examples of identity or, at least, of antigenic relation- 
ships. 

As we all know, one of the most sensitive and specific tools for determining 
relationships between viruses is the antigen-antibody reaction. In virology 
we use three basic procedures: the complement fixation test, the inhibition of 
hemagglutination test, and the neutralization test. An essential requirement 
of all these tests is that they be specific, for if one explores the sera of an animal 
species and finds something that neutralizes a test virus, one would very much 
like to say the virus is or has been here. Unfortunately, serologic tests are 
never carried out as pure antigen-antibody reactions; they take place in the 
rather unpredictable menstruum of serum, and there are many things in sera 
that can give grossly misleading serologic results. It is the intent of this dis- 
cussion to consider those substances that may disturb the specificity of these 
serologic reactions. 

The literature on unexplained inhibitors in animal sera is a collection of 
many miscellaneous, scattered observations with no central theme discernible 
other than the fact that there is a variety of inhibitors. One can consider these 
inhibitors from different points of view: their role in nonspecific resistance to 
infection and the problems they raise when used as media in virus tissue cul- 
ture work. For the present discussion I have arbitrarily organized the material 
to try to answer this specific question: How can one recognize a true antibody 
among a collection of unknown inhibitors? 

I shall exclude from any detailed consideration a large number of nonanti- 
body inhibitors that may be extracted from body cells. One can obtain from 
phagocytic cells such microbial inhibitors as leukins? and phagocytin;? one 
can extract from red blood cells an agent that inhibits viral hemagglutination ;4 
certain polypeptides obtained from tissues are known to be inhibitory;° a muco- 
polysaccharide from the intestinal tract inhibits Theiler’s virus;> aqueous 
extracts from brain and spleen’ are known inhibitors of microbial activity. 
None of these cellular inhibitors need concern us here since, as far as we know, 
they do not appear in the sera of normal animals. 

We shall consider the problem of nonspecific inhibitors by using as the basis 


_ * The work reported in this paper was supported in part by a grant from the National 
Foundation for Infantile Paralysis, Inc., New Works Nos 
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TABLE 1 
NEUTRALIZING ANTIBODIES IN Cows TO THREE TYPES OF POLIOVIRUS 


Farm | No. tested* Per cent positive 
| 
A | 81 43 
B 32 70 
C 18 72 
D | 


| 25 68 


* Sera were tested at a dilution of 1:4 against 50 tissue culture doses of virus. 


TABLE 2 
INCIDENCE OF THREE TYPES OF NEUTRALIZING ANTIBODIES TO POLIOVIRUS IN Cows 
Per cent 
Typel Type II Type III 
35 63 11 


for our discussion the question of how one interprets neutralizing substances 
to certain human viruses in the sera of cows.*!’ In our own studies we ob- 
served that there were present in the sera of several domestic animals, horses, 
hogs and, particularly, cows, neutralizing substances to Types Pett and Lit 
polioviruses. We have been following about 150 cows on 4 farms in the Phil- 
adelphia area; as shown in TABLE 1, the neutralizing substance to polioviruses 
is a widely distributed agent. As shown in TABLE 2, all 3 types of virus are 
neutralized. In addition, we have found neutralizing substances to Types 4 
and 5 Coxsackie B viruses, and there have been recent reports of neutralizing 
substances to the adenoviruses in the sera of cows.!! We may then ask this 
question: Are these neutralizing substances true antibodies that indicate an 
unusually wide distribution in animal sera of human viruses or their bovine 
antigenic relatives? The problem of interpreting these serologic reactions is 
rather awkward because we have no clinical picture to guide us, no epidemio- 
logical pattern, and no acute and convalescent sera to detect a rise in antibody 
titer. We are confronted with individual sera from apparently healthy cows 
that neutralize these human viruses. When studied further, these sera yielded 
the following information: 

(1) The neutralizing substance is heat stable, resisting 60° C. for 30 min. 

(2) The inhibitor is in the globulin fraction obtained by precipitation with 
ammonium sulphate, one third saturation. 

(3) The inhibitor is type-specific; some sera inhibit Type I, others Type I 
or Type III; still others, combinations of all three, or none at all. 

(4) There is evidence of passive transfer, for newborn calves have neutral- 
izing substances that disappear in a month or so and gradually reappear as 
the animal matures, which is the traditional antibody pattern. 

(5) Neutralizing titers vary from 0 to greater than 1:250 against 50 tissue 
culture doses of virus, which is again a pattern consistent with an antibody 
interpretation. 

Do the above data permit us to conclude that cows have antibodies to Types 
I, U, and IIT polioviruses, or do other substances exist in serum that mimic 


this antibody pattern? 
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There are substances other than antibody that neutralize viruses. There 
are many of them, most of them poorly defined, many with unusual properties. 
These substances defy anything but a loose classification, and I propose to 
consider them under three general headings: (1) heat-labile inhibitors of virus 
that are obviously not antibody; (2) heat-stable inhibitors of virus that are 
obviously not antibody; and (3) heat-stable inhibitors of viruses that may or 
may not be antibody. 

Heat-labile inhibitors. A variety of heat-labile activities have been observed, 
the most thoroughly studied and perhaps the most common being properdin. 
This inhibitor has been found active against the viruses of St. Louis enceph- 
alitis, herpes, Murray Valley fever, mumps, influenza, and Newcastle dis- 
ease,!2: 8 which strongly indicates that unheated sera can be a source of con- 
siderable confusion. However, the nonspecific activity of unheated sera can 
be removed simply by heating sera to 56° C. for 30 min. I cannot too strongly 
emphasize that in any serologic survey sera should first be heated, for this 
immediately eliminates a large number of nonspecific inhibitors. There are 
many studies in the literature that cannot be interpreted because the authors 
failed to heat their sera or failed to indicate whether or not the sera were heated. 
There is one recorded error, subsequently corrected by the author in which 
antibodies to Newcastle virus were found regularly in human sera until the 
sera were heated, when the ‘‘antibodies” promptly disappeared. There is 
some uncertainty about always heating sera for, in the case of certain viruses, 
higher neutralizing titers have been reported with unheated sera. We may 
cite as examples neutralization tests done with the viruses of western equine 
encephalitis, dengue, and mumps.’ However, there is reason to believe 
that such unheated sera do not offer a more sensitive indicator of antibody 
by virtue of the additional presence of complement, but rather a summa- 
tion of two distinct inhibitory effects, one being antibody and the other a 
heat-labile inhibitor, perhaps properdin. Heating may thus lower the ob- 
served activity, but it probably defines the antibody more precisely. Although 
the heat-labile inhibitors may be important in resistance to infection, little 
more need be said about these agents from our particular point of view, for 
heating to 56° C. for 30 min. immediately removes them from consideration 
as antibodies. Certainly, then, our inhibitor in bovine sera is not properdin 
or any other heat-labile substance. 

Heat-stable inhibitors that are not globulins. We use the term heat-stable 
to refer to any inhibitory activity that remains after heating sera to 60° C. 
for 30 min. A variety of serologically reactive heat-stable, nonantibody in- 
hibitors have been described in the sera from many animal species and observed 
under several serologic conditions: in the complement fixation test, in agglu- 
lination, flocculation, neutralization, and in the inhibition of hemagglutina- 
tion test. In virology it is the specificity of the inhibition of hemagglutination 
test that is most commonly obscured. In nearly all cases where the inhibition 
of hemagglutination test is used nonspecific inhibitors occur. To cite a few 
examples: (1) there is an inhibitor in normal sera! active against the viruses 
of influenza, and it must be removed with RDE (receptor destroying enzyme), 
sodium periodate, or trypsin;2° (2) there is a large particle in sera that inter- 
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*feres with the hemagglutination test of arthropod viruses; the particle is 
-so large it can be removed by high-speed centrifugation or slow filtration; 
(3) in dengue there is a serum inhibitor of the hemagglutination test that must 
be removed with acetone.” In the encephalomyocarditis group of viruses a 
nonspecific inhibitor of hemagglutination is frequently observed.” These 
-fonspecific inhibitors of hemagglutination need not be confused with true 
antibodies, both for the reasons stated above and because they do not, in general, 
neutralize infectivity. 

As for the neutralization test, I know of only one heat-stable, nonglobulin 
inhibitor of viral neutralization; that is, the serum lipids reported to give very 
low levels of neutralization against certain viruses.**° It is well to note 
that highly abnormal sera might give nonspecific neutralization reactions. For 
example, sera obtained from jaundiced patients with yellow fever or infectious 
hepatitis may contain enough bile products to neutralize a virus; in fact, it 
does so in the case of yellow fever. However, our concern is with reasonably 
normal sera. Further, a good general procedure to eliminate many of these 
agents is to determine if the inhibitory activity is associated with the gamma- 
globulin fraction as obtained by ammonium sulfate, by alcohol or, most ele- 
gantly, by electrophoresis. Ii the inhibitor is not in the globulin fraction, one 
does not have an antibody. If it is in the globulin fraction, one may or may 
not have a specific antibody, which brings us to our third category of inhibitors, 
and here matters become considerably more complex. 

Inhibitors that are globulins. The fact that we have a neutralizing substance 
against the polioviruses that is heat-stable and in the gamma-globulin fraction 
does not permit us to conclude that we have an antibody stimulated by the 
virus of poliomyelitis. There are examples of gamma-globulin fractions active 
in the inhibition of hemagglutination test that are not even true antibodies, 
but I am not aware of any gamma-globulin fractions having neutralization 
activity that are not true antibodies. I feel we can conclude that in the case 
of the neutralizing substances to poliovirus all the data are compatible with 
the interpretation that we are dealing with a true antibody. el believe the 
burden of proof is upon those who would suggest an alternative interpretation. 
If the neutralizing substance is not an antibody, what is it? 

However, the decision that one has an antibody merely raises another ques- 
tion. What was the antigenic stimulus? The problem that confronts us 1s 
that of serologic cross reactions, for different viruses may share common 
antigens and give rise to different but closely related antibodies. Cows have 
antibodies to the virus of smallpox because they had cowpox, mice because 
they had mousepox. Cows may have antibodies to the virus of psittacosis 
because they have been infected with the agent of sporadic bovine encephalo- 
myelitis.2* The viruses of canine distemper and measles cross react.”’ One 
may find antibodies to the virus of Japanese encephalitis B because an animal 
has been infected with the West Nile virus, for we now know that there are 
two large families of arthropod-borne viruses, each of whose members are 
antigenically related. It is quite easy to see that, if we were not aware of 
these cross-reacting viruses, a variety of neutralizing substances would simply 
be called nonspecific inhibitors. One can cite many other examples. The 
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point to be emphasized is that cross reactions confuse our serologic data, perhaps 
more than we realize. We have only a very limited concept of the total 
number of cross-reacting species, for a systematic study of cross-reacting pat- 
terns among the thousands of bacterial and viral species of man and animals 
would involve an astronomical number of tests. The fact that even in germ- 
free animals antibodies can apparently develop against orally ingested dead 
bacilli suggests the enormous range of antigenic stimuli that daily bombard 
our immune mechanism. There is no way of knowing how many of our 
unknown inhibitors represent cross-reacting antibodies, though I feel that 
they should loom very large in our consideration of the meaning of unknown 
inhibitors. 

On the basis of the serologic evidence alone one then can merely say that 
this is an antibody that reacts with the test organism, and two interpretations 
remain: (1) the antibody is due to a stimulus received from the polioviruses 
or (2) from an antigenic relative of the polioviruses. A precise answer can 
be obtained only by the isolation of the responsible agent. 

We have been carrying out extensive isolation studies in an attempt to dis- 
cover the origin of these antibodies to the polioviruses. We have not yet 
discovered it, but I might summarize our study briefly. As in the case of 
other investigators we have found feces a fertile source of viruses; in calves, 
overwhelmingly so. We have isolated over 75 viruses from the feces of ap- 
parently normal calves and cows. These agents are not yet classified. We 
do not know how many distinct species are in the group, though there are 
certainly several on the basis of their cytopathogenic effects in calf kidney 
tissue culture. All but two of the viruses were isolated from young animals 
in the age group 6 months to 2 years, and it is quite clear that in humans, as 
in calves, there is a period of intense viral infection early in life. 

None of these 75 viruses are agents of human poliomyelitis, quite simply 
because they all grow in calf kidney tissue culture, and we have never suc- 
ceeded in getting any of the 3 strains of poliovirus to grow in this medium. 
There remains the question as to whether any of these viruses are antigenic 
relatives of the agents of poliomyelitis. What we have done is to screen these 
agents against sera containing antibodies to Types I, II, and III polioviruses. 
In an as-yet-incomplete study, we found 2 bovine agents that were neutralized 
by pooled heated sera. However, normal heated monkey sera were also found 
to neutralize our bovine viruses to approximately the same titer (1:16) and so, 
obviously, we did not have any bovine relatives of the polioviruses. 

In order to avoid the problem of unknown inhibitors in monkey sera we 
tried to immunize rabbits with our bovine strains and polioviruses, for rabbits 
do not commonly have normal inhibitors to polio, Coxsackie, or ECHO vi- 
ruses.” 

However, we found that rabbits also have a heat-stable inhibitor that neu- 
tralized several of our bovine viruses in titers up to 1:32. These inhibitors 
apparently prevented any significant antibody response in spite of rather 
intense antigenic stimulation. We are currently working on the problem of 
finding a suitable animal for immunization purposes. 

In an incomplete survey we do know that two of our bovine viruses are 
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«related to human viruses, for they are neutralized by human gamma-globulin, 
sand there is clearly an area of animal and human relationships to be worked 
»out with the bovine viruses. 

Discussion and summary. There are a large number of unknown inhibitors 
in animal sera, and there is no simple method that allows us readily to identify 
these agents. We have discussed procedures that will help more precisely to 
define the antibody status of these inhibitors, and they are summarized below. 

To determine whether an inhibitor is an antibody for our test organism the 

following observations are helpful: 
(1) Sera should retain their inhibitory activity after heating at 60° C. for 
30 min., and the inhibitory activity should be in the globulin fraction. It 
may also be helpful to heat the sera to 80° C. for 20 min., since antibodies would 
be inactivated at this temperature, while heat-stable nonantibody inhibitors, 
such as lysozyme, would remain active. 

(2) Inhibitors should show serologic specificity, and titers should vary among 
animals, with a pattern of passive transfer and an increase in incidence with 
the age of the animal. 

(3) If the inhibitor is a true antibody, the titer should not be affected when 
sera are treated with RDE, sodium periodate, trypsin, or fat solvents. Cen- 
trifugation at high speed should not remove the inhibitor. 

(4) If sera are positive by one serologic procedure they should be tested by 
other serologic procedures; for example, if sera positive by the inhibition of 
hemagglutination reaction also give a positive complement fixation or neu- 
tralization reaction, one has good evidence of an antibody. 

(5) A booster response of the inhibitor when the animal is injected with the 
test organism is also evidence for a true antibody. 

(6) If available, clinical and epidemiological data with a rise in inhibitor 
titer are almost conclusive evidence of a true antibody. 

It should be noted that some of these suggested procedures are not always 
feasible, and one may have a true antibody without being able to demonstrate 
all of the above reactions; for example, an antibody may be demonstrable 
by the neutralization test, but not by the complement fixation test. More- 
over, one may have a nonspecific inhibitor that possesses some of the above 
properties; for example, resistance to the agents listed in the third observation 
cited above. However, I think the guide is useful, for a nonspecific inhibitor 
would have very few of the above properties, while a true antibody may possess 
most, if not all, of the above reactions. 

Finally, though one may have an antibody that neutralizes a test virus, 
proof that the test organism was also the original antigenic stimulus requires 
that one isolate the suspected virus from the animal species. Only thus can 
the problem of cross reactions be resolved. 
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COUNTERPARTS OF HUMAN VIRAL DISEASE IN ANIMALS 


By Hilary Koprowski 
The Wistar Institute, Philadel phia, Pa. 


Introduction 


Every fool believes what his teachers tell him, and calls his credulity science or morality, as 
confidently as his father called it divine revelation." 


Animal counterparts of diseases occurring in humans offer a fruitful ap- 
proach to experimental studies of such entities in the animals, leading to a 
better understanding of the human counterparts. For obvious reasons, large- 
scale experimentation with humans as subjects is not feasible, although a 
great deal of knowledge has been obtained in the past by studies in volunteers 
or by heroic experiments performed by scientists on themselves. One of the 
most recent examples that can be cited is the study of the Coxsackie and 
adenovirus groups of viruses by the deliberate exposure of volunteers to the 
agent or agents isolated from subjects in the course of illness. Infectious 
hepatitis is another entity that has baffled all attempts at thorough study 
because of the lack of suitable animal hosts, and the knowledge gained thus 
far has been based almost entirely on studies on voluntary participants. 

While experiments can be conducted in volunteers with diseases that run a 
mild course, great caution must be exercised in the case of diseases that might 
endanger the lives of the volunteers. For the most part, this limitation does 
not apply to animals. Here the field is open to pursue study of the clinical 
syndrome encountered in nature and to attempt to induce its counterpart by 
exposure of genetically homologous species to the agent or agents isolated in 
the field. The time factor is an additional advantage in the use of animals, 
as the period required for study of a new disease entity is considerably shorter. 

The purpose of this paper is to present in a schematic form aspects of animal 
diseases for comparison with the human viral entities that can be considered 
as their counterparts. For apparent reasons, such comparison of necessity 
must be based more on the clinical symptomatology and pathology than on 
etiology. This approach no doubt presents many pitfalls; the knowledge 
gained from naturally acquired or experimentally induced diseases in animals 
can serve only as an adjunct to our understanding of the possibly similar en- 
tities in humans. 

There is a wealth of wisdom in the terse admonition addressed by Koch to 
his students and which they have passed down to us, advice which is pertinent 
even today and should be kept in mind by all students of virology: “Meine 
Herren, vergessen Sie nie, dass die Méuse keine Menschen sind.””* 


Infections of the Central Nervous System 


There are numerous human counterparts of animal encephalitides. This 
group of illnesses has probably the least to offer from the standpoint of con- 
* “Gentlemen, never forget that mice are not human beings.” 
369 
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TABLE 1 


EXAMPLES OF INFECTIONS OF CENTRAL NERVOUS System FOR WHICH COUNTERPARTS ARE 
Founp 1x Human MEpICINE AND WuIcH ARE INTERTRANSMISSIBLE 


_ ‘ | Species Site of 
S ; : 

Virus Spi Vector atiected Symptomatology lesions 
; i i iti Brain 

Arbor A* Birds Mosquito Horses Encephalitis i 
: Mules Encephalitis Brain 
Man Encephalitis Brain 
Japanese B Birds?? Mosquito Horses Encephalitis Brain 
Swine Encephalitis Brain 
Man Encephalitis Brain 
Louping ill Pe Tick Sheep Encephalitis Brain 
ae Man Encephalitis | Brain 


* Arthropod-borne encephalitides serologic group A: data refer chiefly to the North 
American equine encephalitides. 


troversy. The pathways of the infectious process are well known, the 
etiological agents are recognized, and intertransmissibility between man and 
animals is well defined. However, the natural reservoir of infection, in some 
cases, still presents a problem. 

Among members of the Group A arthropod-borne (Arbor) encephalitides® 
the eastern and western equine encephalitis viruses have been most thor- 
oughly investigated (TABLE 1). Man, the accidental host, is infected by 
the same vector as are the animals. The incidence, course, and outcome of 
the human illness are similar to those of horses and mules. The third mem- 
ber of the Arbor A group, Venezuelan equine encephalitis, is highly conta- 
gious for man, and can be transmitted either by a vector® or by direct contact 
with infected fomites.* Strangely, this virus, which is highly virulent for 
horses and mules, seems to provoke a rather mild type of infection in humans 
who acquire it, probably by inhaling the infected material.° The only known 
fatal case occurred in a man who became infected “in nature’ during an out- 
break of the disease among horses.’ It may be questionable to speculate, on 
the slight statistical evidence of one case, as to whether the course of human 
illness is conditioned by the manner in which this infection is acquired. Rela- 
tively little is known about the other members of the Arbor A group. 

The pathway of infection with the Japanese B virus, course of illness, and 
outcome are similar in man and animals. The relationship between louping 
ill and Russian spring-summer encephalitis viruses is very close, and human 
beings are known to have become infected with these agents. These viruses 
are transmissible between different species and cause disease of similar sympto- 
matology. 

The diseases thus far discussed are known to be the cause of frequent epizo- 
otics of quite severe character, but on TABLE 2 are shown examples of infections 
that usually remain latent in their animal hosts. When transmitted to man 
they may cause either severe illness or inapparent infection. The tremendous 


variation in the clinical picture of human St. Louis encephalitis may be cited 
as an example.® 
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TABLE 2 


EXAMPLES OF INFECTIONS OF MAN TuHat Occur In AntMALS USUALLY IN LATENT FORM 
AND THAT ARE INTERTRANSMISSIBLE 


Virus Vector | Species affected Symptomatology 

| 

St. Louis Mosquito | Chicken None 

Mite | Man Encephalitis 

Yellow fever Mosquito | South American pri- | Occasional liver involve- 
| mates ment 
| Man Liver involvement 

LCM* | ? | Mice None 
| Man Meningitis, pneumonia 


* Lymphocytic choriomeningitis. 


In Brazilian jungles moribund marmosets were found to be infected with 
yellow fever virus, but whether the South American primates constitute a 
natural reservoir of the virus has yet to be proved. The ubiquitous nature 
of the lymphocytic choriomeningitis virus is well known to students of disease. 
Mice have been chosen as an example of an animal host simply because we 
know, thanks to Traub’ and to Armstrong, Wallace, and Ross,® more about 
their role than those of the other hosts. The symptomatology in man is 
variable, and the sporadic nature of the infection is quite apparent. The 
disease may occur in man in virulent form,’ but these cases are probably 
exceptions to the usual latent infection. 


Poliomyelitis-like Diseases 


The poliomyelitis-like diseases constitute a strange group, and, originally, 
they were grouped together (raBLE 3).1° New studies of the Teschen disease 
seem to indicate that it does not resemble human poliomyelitis as closely as 
it was originally thought. Although it can be induced by the ingestion of 
infectious material, according to Horstmann!! the virus is strangely absent 
from feces. Because of its ubiquity in outbreaks among animals it is impos- 
sible to determine the ratio of symptomatic cases to latent forms, and also to 
calculate accurately the mortality ratio, which seem to be higher than in the 
case of human poliomyelitis. Furthermore, the disease of the animal takes 
on a more acute form than does the pathologically similar condition in man. 


TABLE 3 
Tur STRANGE CASE OF POLIOMVELITIS-LIKE DISEASES OF ANIMALS AND MAN 


Virus Bape eer Transmission sed ial Histological lesions of CNS 
Teschen Swine P Feeding | = Encephalomyelitis 
Theiler Mice ? Feeding ++ Anterior horn 
Polio Man Cow ? Feeding +--+ Anterior horn and 

brain stem 
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Theiler’s virus infection of mice runs a course similar to that of human 
poliomyelitis. Infectivity of fecal material and lesions in the anterior horn 
of the spinal cord are factors that suggested the classification of this disease 
as mouse poliomyelitis. In this connection it is worthwhile to mention that 
the mouse-adapted human polioviruses do not behave at all similarly to the 
true mouse poliomyelitis virus. The latter causes intestinal infection and is 
excreted during a prolonged period, whereas the mouse-adapted strains can 
infect their murine hosts only when introduced directly into the central ner- 
vous system. 

There is no immunological relationship between the agents causing polio- 
myelitis-like disease of swine, mice, and man; whether some animal acts as a 
reservoir for human polioviruses has not yet been determined. Bartell and 
Klein”? and Morton Klein, elsewhere in these pages, have called attention to 
the possible role of poliovirus antibodies in the sera of cattle. In this connec- 
tion I should like to relate a curious experience which, if confirmed, may throw 
more light on the problem. Five calves, 4 weeks old, were placed under ob- 
servation in separate stalls. Once a week stools were collected from each 
animal and a blood sample was obtained. Suspensions of the fecal material 
were inoculated into tissue cultures of monkey renal epithelium; from one 
sample obtained after 4 weeks of observation, there was isolated a virus which 
was cytopathogenic for tissue cells (FIGURE 1). This virus was subsequently 
identified as Type I human poliovirus. Results of the neutralization test 
performed against Type I standard poliovirus serum of the same animal 
indicated the presence of Type I antibodies at the time of virus isolation. The 
concentration of antibodies was low, but the difference in titers seemed to be 
insignificant. In order to exclude the possibility of laboratory contamination 
during the process of isolating the virus, the same experiment was repeated, 
using the same stool suspension as source of virus. Again Type I poliovirus 
was isolated. It is quite obvious that many more factors must be elucidated 
before absolute confirmation of this curious incident may be obtained. I have 
cited this experience here in order to encourage other investigators to search 
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Ficure 1. The isolation of poliovirus Type I from the feces of a calf. 
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for evidence which, if confirmed, may well point to cattle as hosts for another 
human pathogen in moderate form. 


Hepatitis of Man and of Animals 


Today many infectious diseases are suppressed, both epidemiologically 
and financially. However, infectious hepatitis of man stands out as an im- 
portant disease entity, the etiological agent of which thus far has defied the 
efforts of the most zealous investigators. Although it has been isolated by 
passage in human volunteers, failure to find for it a suitable animal host and 
to develop specific serologic reactions seriously impedes progress in the study 
of this disease. 

There are several hepatotropic agents that cause hepatitis syndrome in ani- 
mals, and 4 of these will be discussed briefly (TABLE 4). Three viruses causing 
hepatitis of mice were detected almost simultaneously in 3 laboratories in 3 
different strains of mice.1® One strain was isolated from PRI mice suffering 
from leukemia. There was a tremendous variation in the susceptibility of 
mice of different strains to induced infection with this agent. The murine 
hepatitis virus (MHV) of Gledhill and Andrewes" can produce fatal hepatitis 
in mice only in association with Eperythrozoon coccoides.6 The analogy with 
the role of Hemophilus influenzae in swine influenza infection is quite obvious. 
An association of a normally harmless parasite with a moderate virus, resulting 
in a virulent form of hepatitis, has not been observed in other hosts. 

Although Rift Valley fever infection of man runs a dengue-like course, its 
virus is hepatotropic for sheep and cattle. Focal necrosis of the liver follows 
a fulminant type of infection in young lambs. In man the morphologic changes 
following infectious hepatitis are variable, but postnecrotic cirrhosis seems to 
be the most prevalent. 


TABLE 4 
Exametes oF INFECTIOUS HEPATITIS OF ANIMALS AND OF MAN 
| l ; 
| * Artificial orn d 
. Trans- | Latency— | Incubation | Fatality t rae Serologic identity 
Species | Rion | days | days” | rate“ | ao other species vith 
| | 
| 
Mouse Contact | Probably | 5 to 8 ; None None 
life-long) 
Sheep and|Mosquito ? | 4+03] >20 | Mice, hamsters, | Rift Valley fever 
cattle 10 monkeys, etc. infectious for 
mant 
Dog Contact 161 | 6 to 9 10? Foxes, tissue Fox encephalitis 
culture 
Duck Contact | Unknown} 1 to 3 | 35 to 85} None None 
Man Contact > 480 20 to 40 Oz5 None None 


* None if murine hepatitis virus (MHV) alone is injected; approaching 100 per cent if 
together with Eperythrozoon coccoides. ; ; ' 
+ Apparently not hepatotropic in man; denguelike symptomato'ogy. 
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Comparisons between canine and human infectious hepatitis have been re- 
ported by qualified observers and need not be repeated here. If only the etio- 
logical agents of these rather similar syndromes were intertransmissible, meth- 
ods of prevention seemingly successful in canine hepatitis could then be applied 
to the human disease. ; 

Hepatitis of the duck is the newest member to be added to the hepatotropic 
family. Although different in character from the human disease, one 
common feature was observed: the protective effect of antibody-containing 
serum which appears to be similar to that of gamma-globulin administered to 
man.” 


Respiratory Viruses 


The sense of frustration hounding the author, while playing the “counter- 
parts” of human viral diseases attacking the respiratory tract, was in no small 
measure occasioned by the prevailing ignorance of the characteristic features 
of many clinical entities, compounded by our lack of knowledge of the numerous 
agents isolated in the course of respiratory illnesses of either man or animal 
which are still ‘in search of a disease.’”’ The naming (or, rather, misnaming) 
of newly discovered entities only adds to the confusion. 

For example, there is nothing characteristic about pneumonia of man caused 
by filtrable agents. The roentgenographic findings vary widely in character 
and distribution, and the pulmonary lesions reveal an interstitial type of bron- 
chopneumonia sometimes limited to one lobe, sometimes involving two. This 
condition may be encountered in psittacosis, Q fever, smallpox, chicken pox, 
measles, and lymphocytic choriomeningitis. In addition, there are 4 other 
diseases, including the so-called atypical pneumonia, in which this ubiquitous 
bronchopneumonia is seen—diseases caused by an agent or agents unknown. 
Finding a counterpart of this human disease in animals is like equating an 
unknown with an unknown. ‘There are certainly many conditions which clini- 
cally and pathologically resemble human viral pneumonias; one of these, dis- 
temper, may cause pneumonia in dogs. The problem of cattle pneumonia is 
even more complicated, since it appears that almost every disease of cattle, 
particularly of young calves, is characterized by diarrhea and ends in pneu- 
monia (TABLE 5). Calf pneumonia refers to a syndrome first described by 
Baker”! in 1942. It is characterized by bilateral pneumonia of the anterior and 


TABLE 5 


INFECTIONS OF THE RESPIRATORY TRACT OF ANIMALS, WITH THEIR HuMAN COUNTERPARTS 
(STRETCHING THE PornT oF CoMmPARISON) 


Virus Animal species Counterpart in human medicine 
Distemper : Dog Atypical viral or Q fever pneumonia 
Calf pneumonia Cattle Atypical viral or Q fever pneumonia 
Pink-eye Horses Adenovirus infections 
Bullnose cf Swine Common cold 
Rhinotracheitis Cattle If mild, resembles common cold 
Snotsiekte Cattle If very mild, resembles common cold 
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ventral lobes, and occurs mostly during the winter months. It is apparently 
caused by an agent that can be adapted to the mouse lung. 

In their severe forms, infectious rhinotracheitis of Colorado” and the upper 
respiratory disease of California®® will also cause bronchopneumonia. These 
two conditions, apparently caused by immunologically identical agents, in their 
mild form may resemble a very severe type of common cold. However, can a 
disease with a fever of 104° F., accompanied by excessive salivation, accelerated 
and shallow breathing, and anorexia still be classified as a common cold? 

There is no dissolution of the turbinate bones in the human common cold, and 
therefore rhinitis of swine is not a counterpart for this condition. Bullnose is 
believed to be a mild form of the disease characterized by swelling of the mucosa 
without subsequent distortion of the snout. Whether this resembles the con- 
dition of the snout in the common cold is a question that must be left to the 
imagination rather than to science. 

It was difficult to find even a single counterpart for the numerous conditions 
caused by the adenoviruses in man. The illness of horses referred to in TABLE 
5 is really equine influenza. However, if we call it pink-eye and stress that the 
conjunctivitis is accompanied by a catarrhal syndrome, we may achieve some 
success in comparing the two entities. However, it should be mentioned that, 
in pink-eye, occasionally the function of one or both eyes may be lost, and some- 
times pneumonia causes death. This is not the case in adenovirus infections. 


Gastrointestinal Infections 


In a complicated field, such as that comprising the so-called virus infections 
of the gastrointestinal tract, our ignorance is truly encyclopedic. Although the 
alternate problems of diarrhea and constipation are probably as important to 
man as to animals, my feeling is that we are wallowing in a morass of unknowns. 
The diarrhea of suckling mice is a bane to every laboratory engaged in mouse 
breeding (TABLE 6). The explosive outbreaks of this illness often ruin carefully 
planned experiments in which young mice are to be used as experimental hosts. 


TABLE 6 
INFECTIONS OF ANIMALS PRIMARILY AFFECTING THE GASTROINTESTINAL TRACT 


; Fatality | Factors affecting Characteristic 
Species Age at onset | rate: iow incidence lesions 
cen 


Etiology 
~ 


Mouse 10 to 15 days) 0 to 100 Age, season, strain | Inclusion bodies| Virus? 


Cattle 1 to 2 days | Nearly | Age, season, colos- = CPE* virus 
100 trum feeding ; f 
Din, yi 0 Age, season, colos- Elementary Psittacosis 
months strum feeding bodies group 
All ages 4 to 8 | Not defined = Virus ? 
Swine <10 100 Age — TGE} virus 
All ages 0 — 


* Calf pneumonia enteritis. 
+ Transmissible gastroenteritis. 
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Strangely, the disease does not affect newborns, but only mice 10 to 15 days 
old. In some outbreaks all mice may die within 48 hours; in some cases the 
animals recover, but their growth is retarded, and there are also instances of 
complete recovery. Pathological lesions are limited to the ileum and colem 
and intranuclear inclusion bodies were found in the epithelial cells of the villi?® 
which resembled those observed in infectious panleukopenia of cats.2* The 
peak of the disease occurs in winter, and its incidence declines in warm weather, 
a situation quite unlike that presented by the human counterpart of a similar 
ailment. The genetic constitution of the host plays an important role in suscep- 
tibility to infection, and it is conceivable that genetically controlled breeding 
could lead to the establishment of a resistant strain of mice. 

In contrast to mouse diarrhea, the agent of calf pneumonia enteritis (CPE) 
has been isolated?* and transmitted to susceptible newborn animals in an aerosol 
form, which is apparently the only satifsactory way to transmit the disease.” °8 
The sharp change in the resistance to the infection with increase in age makes 
the condition somewhat similar to the epidemic diarrhea of newborn babies 
(EDN) which apparently can be transmitted to calves. The omnipresent 
psittacosis virus seems to be one of the agents causing diarrhea of cattle;?? the 
agent was always present in feces of experimentally infected animals and could 
be isolated from different parts of the intestinal tract. As in the case of its 
predecessor (TABLE 6), colostrum feeding had a protective effect. 

The next “diarrheal entity” of cattle is referred to as “‘all ages” disease. In 
1956 it consisted of three immunologically distinct subentities, two named, for 
reasons of local patriotism, as “‘virus diarrhea of New York” and ‘“‘virus diar- 
rhea of Indiana,” while a third was ‘‘topographically”’ called simply mucosa 
disease.*° Although diarrhea is the characteristic feature of the disease, oral 
erosions and lamination complete the syndrome. The fatality rate of 4 to 8 
per cent is quoted for the ““New York entity.” The mortality rate of the 
“Indiana diarrhea” is apparently much higher; in the mucosa disease it appears 
that all of the affected animals die.*® Although I have listed this condition, I 
am not familiar with a human counterpart in which man would become lame 
because he had ten stools per day. 

The transmissible gastroenteritis (TGE) of swine is as well defined as it 
possibly can be in this confused field. The explosive start of the disease in 
baby pigs, characterized by vomiting, profuse diarrhea with yellowish stools 
resembling curdled milk," followed by extreme dehydration, resembles 
greatly the neonatal syndrome in babies, first described by Rice.*8 

Unfortunately, whereas the etiological agent of TGE has been isolated, im- 
munologically defined,” grown in tissue culture, and possibly attenuated,** the 
identity of the EDN agent of man still remains uncertain (TABLE 7). Although 
passaged serially in calves and immunologically identified,®® it was apparently 
not tested for its disease-producing faculty in newborns, and it may be con- 
sidered as perhaps only one component of a complex etiological entity. Even 
less is known about stomatitis and diarrhea in infants (SDI).°° The syndrome 
has been described in various outbreaks, but the identity of the agent, passaged 
on rabbit cornea, has not been firmly established. 

Epidemic nonbacterial gastroenteritis (ENGE) is a syndrome characterized 
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TABLE 7 
ATTEMPTS TO PRESENT IN THE LEAST CONFUSING WAY THE CURRENT STATUS OF VIRAL 
DIARRHEAL DISEASE OF MAN 


Transmission experiments with stool filtrates 


Age Syndrome ———-- 
| Species Symptom Serial passages 
Newborn | EDN* Calves ? Diarrhea ? 29 
Children | SDI+ Rabbit Corneal inflamma- Several 
tion 
All ages ENGEf Man Diarrhea 8 
Gat | Diarrhea Several 


* Epidemic diarrhea of newborn. 
+ Stomatitis and diarrhea of infants. 
t Epidemic nonbacterial gastroenteritis. 


by nausea, anorexia, vomiting, abdominal spasms, and watery stools.” Fil- 
trates of stools fed to human volunteers caused a similar condition in the hands 
of several groups of workers,*”: * and a claim was made that the agent was 
transmitted serially when administered orally to a cat.” 

It is obvious that the comparative pathology of gastrointestinal viral in- 
fections is still in its teens and that many years will pass before we may benefit 
from studies of these conditions in animals in order to improve our knowledge 
of their human counterparts. 


Infections Inducing Fetal Damage 


Infections that result in fetal damage constitute perhaps the most fruitful 
field of research in comparative pathology. Stringent biological and ethical 
considerations that limit research studies in man are more than amply com- 
pensated by the occurrence of similar syndromes in animals. These may oc- 
cur in the course of a naturally acquired disease, or they may be induced by 
agents biologically active against the fetus im wlero, but not after parturition. 

Enzootic abortion of ewes is such an example of a latent viral infection. The 
dormant agent resembles psittacosis virus” (TABLE 8). It would seem that 
pregnancy may help to make the infection manifest, resulting in abortion late 
in gestation. The apparently normal lambs born of infected ewes harbor the 
latent virus for eight months or more.” Development of a vaccine protecting 
the ewes against abortion has been claimed.” 

Some of the ewes injected during the first thirty days of gestation with the 
so-called attenuated bluetongue virus will give birth to lambs that show ar- 
rested development of the central nervous system and the attendant characteris- 
tic malformations.” Apparently this agent is effective only on a fetal host, as 
no infection can be induced after parturition. A similar condition was observed 
by Young in sows when they were injected with an attenuated leporine strain 
of hog cholera virus during the first month of gestation. The German measles 
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TABLE 8 


EXAMPLes oF INFECTIONS OF ANIMALS CAUSING DAMAGE TO THE FETUS AND 
THEIR COUNTERPARTS IN HuMAN MEDICINE 


Virus Species Results ee during Time of action 

Ovine enzootic abortion Sheep | Abortion or normal birth _ | Late in gestation 

Attenuated bluetongue Sheep Malformation (crazy lambs*)) Early in gestation 

Equine rhinopneumonitis Horse | Abortion, stillbirth or normal | Late in gestation 

Leporine hog cholera Swine | Abortion, stillbirth, malfor- | Early in gestation 
mation 

German measles Man Abortion, stillbirth, malfor- | Early in pregnancy 
mationt 


* Arrested development of central nervous system. 
+ Blindness, deafness, cardiovascular abnormalities. 


syndrome in man presents a similar picture with abortions, stillbirths, and 
malformations. 

The identities of the viruses of equine abortion and of equine influenza are 
still uncertain,’ “ but their effect on the fetus is similar to that induced by the 
agent of ovine enzootic abortion: occasional stillbirths, but also frequent nor- 
mal births, and/or abortion late in gestation. 

Concerning these conditions one might ask this provocative question. Are 
the animals born from virus-infected females “immunologically normal?” 
Will exposure to the same agent encounter increased resistance or increased 
susceptibility because of the inability to develop antibodies? In other words, 
does the mechanism of immunological tolerance operate in these fetal virus 
infections? In the case of ovine enzootic abortion it apparently does not. 

German measles is of ill omen for a woman during the first trimester of preg- 
nancy.“”7 American statistics indicate that abortions, stillbirths, and malforma- 
tions consequent to this disease are probably as frequent as normal births. 
The direct toxic role of the agent has not yet been proved, and studies in ani- 
mals would doubtless help to clarify the entire problem. 

I may add that obviously there are other viral infections of pregnant animals 
which may cause abortions, stillbirths, and malformations. However, the 
four examples cited above are so characteristic and bear so much more upon 


the problem of the human syndrome that the others were omitted from con- 
sideration. 


Vesicular Diseases 


It was not easy to find counterparts in human medicine to the three vesicu- 
lar diseases of animals. As is well known, the host range and type of lesions 
do not permit any easy differential clinical diagnosis of the three agents: foot- 
and-mouth disease, vesicular stomatitis, and vesicular exanthema (TABLE 9), 
The mucosal lesions are similar to those observed in herpangina of man: min- 
ute vesicles filled with clear fluid which, in the case of foot-and-mouth virus, 
rupture and leave denuded areas. In the case of vesicular stomatitis, vesicular 
exanthema, and herpangina the vesicles heal, usually promptly, and without 
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TABLE 9 
VESICULAR DISEASES OF ANIMALS AND MAN 


Virus eae acta Mucosal lesions | Sites affected pi _ Convalescing 
ays | Paes immunity—months 
Foot-and-mouth 2 to 14 | Vesicle with- Lips 7 6 to 24 
| out areola Mouth 
Vesicular stomati- | 2 to 14 | Vesicle with- | Tongue 2 6 to 24 
tis | out areola Pharynx 
Vesicular exan- | 2 to 14 | Vesicle with- | Stomach 7 6 to 24 
thema out areola Coronary band 
of hoofs 
Herpangina (Cox- | 2 to 9 | Papulesor vesi- | Soft palate 
sackie A) cles with red | Tonsils 7 0 (Permanent) 
areola | Pharynx 


the formation of scars. The site of lesions in the oral cavity is similar for all 
four of these conditions, but of course lesions of the coronary band of hoofs 
remain characteristic for the animal pathogen. It is interesting to note the 
multiplicity of the virus types that cause the same illness. Seven types of 
foot-and-mouth virus are matched by the same number of vesicular exanthema 
agents* and Coxsackie A strains causing herpangina.” Degenerative heart- 
muscle changes observed in foot-and-mouth disease have not been described 
for Coxsackie A viruses, but they were observed in newborn infants after Cox- 
sackie B infection.» Another difference lies in the observation of the length 
of immunity produced; the fleeting type of convalescing immunity is typical 
for animals, whereas a more lasting type of immunity follows Coxsackie A 


infection. 


Papillomas 


No self-respecting writer on problems in pathology would dare to close with- 
out mentioning some aspect of tumor investigations. There are animal vi- 
ruses causing cancers or leukemia that cannot be considered as counterparts 
of nonexisting forms in humans. However, papilloma will save the day (TA- 
BLE 10). 

The local epithelial hyperplasia which occurs in crops in different locations 
of the human body® is due to a virus that causes formation of cytoplasmic and 
intranuclear inclusions and may be seen apparently under an electron micro- 
scope.* Attempts to infect other species with the human virus have failed. 
Conversely, the filtrable agent of bovine papillomatosis was supposedly trans- 
mitted to man by Schultz in 1908.% I was unable to find any confirmation of 
this observation, but the bovine material was reported to cause tumor forma- 
tion in horses.°® 

Equine and canine papillomatoses greatly resemble their bovine counterpart, 
and in both instances species specificity of the causative agent was maintained. 
The Shope papilloma of the rabbit has been so well described that there is no 
need for repetition. However, one may mention that this virus, when passed 
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TABLE 10 
PAPILLOMAS OF ANIMALS AND MAN 


Species Location Demonstration of virus 


Cow Head, neck ' Filtrates induce papilloma in cattle, 
man(?), and horse(?) 


Horse Nose, lips Transmission to horses 

Dog Mouth, lips | Filtrates induce papillomas in dogs 
Rabbit (cottontail) Neck, shoulders, apd Shope papilloma 

Man Palms and soles Transmission by filtrates to man, elec- 


tron microscopy 


into domestic rabbits, but not to cottontails, gives rise to papillomas that sub- 
sequently may undergo malignant transformation.*® This has not been ob- 
served to my knowledge in case of human warts, but these can be treated by 
psychotherapy, a method not as yet applicable to cottontails. 


New Relations: Measles, Distemper, and Rinder pest 


For the past several years suspicions had been harbored that the distemper 
virus may possibly be pathogenic for man. Appearance of distemper anti- 
bodies in sera of children recovering from unidentified infections of the upper re- 
spiratory tract inclined scientists*”: ** to believe that an immunological kinship 
of the two conditions might exist;°* in recent years, the presence of distemper 
antibodies in the blood of man has been confirmed by Karzon®® and by Carl- 
strom.°® The presence of antibodies in relation to age of the donors revealed a 
pattern commonly encountered in other viral infections of man; newborn in- 
fants showed high incidence of antibodies, which dropped to insignificant levels 
by the age of 6 months, but from the second year incidence rose rapidly, paral- 
leling the age curve, and antibodies were present in all of the sera of adults 
studied.°?-®! 

The relationship between the presence of distemper antibodies and measles 
infection of man was established by Carlstrém,®! who found at least a fourfold 
rise in distemper antibody titer in sera of 11 of 14 patients convalescing from 
measles. In addition, there was an evident correlation between the history of 
measles and the appearance of distemper antibodies in 37 out of 38 patients. 
It is quite obvious that these observations require further investigation to 
determine the true nature of this most interesting relationship. 

To complicate the picture further, a preliminary report from workers in 
Kenya, Africa, would seem to indicate a possible protective effect of induced 
asymptomatic rinderpest infection against distemper challenge.” Four test 
puppies pretreated with rinderpest virus showed no signs of distemper when 
challenged with distemper virus, whereas all four control puppies developed 


signs of distemper, and one of them died. Here, too, confirmation of this rela- 
tionship should be sought. 
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TABLE 11 
EXAMPLES OF LACK OF COUNTERPARTS 


Animal diseases with no known human 


counterparts Human diseases with no known animal counterparts 


Pseudorabies Exanthematous diseases, roseola, 
Scrapie infectious mononucleosis, etc. 


It is an intriguing thought that perhaps one day children will be vaccinated 
with distemper virus against measles, dogs with rinderpest virus against dis- 
temper, and cattle with measles virus against rinderpest. Se non é véro, é 
ben trovdto.* 


No Counterparts 


As a gran finale to this disquisition, the following table is presented to show 
viral diseases for which I was unable to find any counterparts (TABLE 11). 
The two animal diseases are characterized by an itch. The only human afflic- 
tion conceivable as a counterpart is the seven-year itch, and that is a much more 
pleasant condition, although it is perhaps exasperating at times, than the animal 
syndrome. 

Conversely, animal skin seems to be devoid of ingredients that would make it 
susceptible to the exanthema with which the human species is blessed during 
every viral disease of childhood. Thus, if chicken pox is the price we must pay 
for enjoying the seven-year itch, we should accept this bargain with all humility, 
for the poor sheep, while undergoing a three-year incubation period of scrapie, 
are not recompensed with a delightful itch. 
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COMPARATIVE STUDIES ON VIRAL HEPATITIS IN 
ANIMALS AND IN MAN* 


By Morris Pollard 


University of Texas, Medical Branch, Galveston, Texas 


Studies with human viral hepatitis have been handicapped by the lack of 
a susceptible experimental animal and of a specific diagnostic test. This was 
amply documented at a recent symposium on the laboratory propagation and 
detection of the agent of hepatitis (National Academy of Sciences-National 
Research Council, Washington, D. C., 1954). A subsequent report on the 
propagation of human viral hepatitis agents in the Detroit 6 strain of human 
epithelium (Rightsel ef a/., 1956) has not yet been confirmed. The significance 
of the cytopathogenic effect noted in the latter publication must yet be sup- 
ported by human-infectivity trials with the agents being propagated. 

The embryonated chicken egg has been used as a medium for the propagation 
of hepatitis agents; however, thus far adaptation of hepatitis viruses to the 
chick embryo has not been proved (Henle, 1954). While hepatitis agents 
have induced no demonstrable lesions in the embryonated egg, recent observa- 
tions indicate that influenza and mumps viruses induce an increased number 
of mononuclear cells in the chorioallantoic fluid (CAF) of inoculated but 
asymptomatic embryos (Pollard and Diserens, 1955; Buchner et al., 1956). 
Serum specimens from acute cases of human viral hepatitis appeared to induce 
a similar response (Pollard and Diserens, 1956); however, this has not yet been 
confirmed (Buchner ef al., 1956). 

Since the virus or viruses of hepatitis in man are not transmissible to experi- 
mental animals (MacCallum, 1954; Morris, O’Conner, and Coburn, 1954), 
since they induce questionable changes in cultures of human tissues, and since 
they bring about controversial changes in the embryonated egg and indistinct 
serologic reactions, it was deemed advisable to study the characteristics of a 
laboratory prototype of hepatitis virus. Some useful information from this 
might be applicable to the laboratory study of viral hepatitis of man. 

Murine viral hepatitis shows some resemblance to the human disease (Friend, 
Wroblewski, and LaDue, 1955; DeRitis, Coltorti, and Giusti, 1956). It 
shows a narrow species susceptibility. It has not been propagated in fertile 
eggs (Gledhill, Dick, and Niven, 1953), and its effect in tissue cultures Is 
uncertain. We are indebted to A. W. Gledhill, National Institute for Medical 
Research, Mill Hill, London, England, for kindly providing us with a strain of 
mouse hepatitis virus (MHV) that was free of Eperylhrozoon coccoides (Niven, 
Gledhill, and Andrewes, 1952). This virus was lethal for newborn mice, 
usually killing them at 6 to 8 days following intra-abdominal inoculation, and 
causing extensive degenerative lesions in the liver. We are grateful to J. B. 
Nelson, The Rockefeller Institute for Medical Research, New York, N. Y., for 


* The work reported in this paper was supported by funds provided by Contract AF 41 
(657)-123 with ie School of Aviation Medicine, USAF, Randolph Air Force Base, Texas. 
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kindly providing us with a strain of MHV (PRI strain) which was also used 
in this study. The PRI virus (Nelson, 1952) produces a more fulminant in- 
fection in weanling mice, in which extensive liver degeneration is manifested. 

Three aspects of mouse hepatitis virus are reported on here: (1) the effect 
of MHV in the embryonated chicken egg; (2) the fate of MHV in cultures of 
mouse tissues; and (3) the extraction of a complement fixing antigen from 
MHV- infected mouse livers. 

(1) Pooled livers from mice acutely infected with MHV (Gledhill strain) 
were homogenized in a Ten Broeck grinder with Hank’s balanced salt solution 
(BSS) (10 per cent by weight). The emulsion was centrifuged at 2000 rpm 
for 30 minutes, then at 10,000 rpm for 20 minutes. The supernatant fluid of 
the latter was then placed in ampoules and stored at dry-ice temperature for 
future use. The MHV, thus prepared, was inoculated into the chorioallantoic 
fluid (CAF) of 7-day-old embryonated eggs. After 4 days of further incubation 
the inoculated eggs were “‘chill-killed” by overnight storage at 4° C., and the 
cell content of pooled CAF from these eggs was determined microscopically. 
The technique has been described elsewhere (Pollard and Diserens, 1955). 
Control inoculations consisted of MHV heated at 56° C. for 30 minutes, ‘‘nor- 
mal” liver emulsions prepared according to the sequence for MHV above, 
and CAF from uninoculated embryonated eggs. Each egg inoculated with 
MHV received approximately 2000 newborn-mouse LD5. MHV was titrated 
simultaneously for infectivity in newborn mice and for cytological response in 
the CAF of embryonated eggs. 

Infective inocula of MHV were associated with increased cells in CAF of 
inoculated embryos (TABLE 1). Cell counts following inoculations with heat- 
inactivated virus and ‘“‘normal” liver extracts were within normal limits, as 
were the counts from the uninoculated eggs. When the MHV inoculum was 
diluted beyond 10 there was no significant cellular response in the CAF; 
however, virus effect was still evident in mice at 10~ dilution (TABLE 2). 
Heat-inactivated MHV was again noninfectious for newborn mice and negative 
in chick embryos. Passage of egg material from the 10~ dilution inoculum 
into additional eggs was negative. 

(2) The L strain of mouse fibroblast (Earle ef al., 1943) was propagated in 
stationary tubes with 20 per cent horse serum in Hank’s BSS. Continuous 


TABLE 1 


Comparative Errecr or Mousr Hepatitis Virus (MHV) sy Histiocyte RESPONSE IN 
EGGs AND BY INOCULATION INTO NEWBORN MICE 


Tnoculum Histiocytes per 100 fields Mouse inoculation 
INUEIV liver emilsiomiren. » cree re einen 85 5/25* 
IMDB. BOSS (CE/S10) wantin, Gn oo nose 22 eek 
MHV 12 liver emulsion................. 120 oT 
MING Stale (Co/SMawamaoywas. 12 0/2 
“Normal” liver emulsion................ 15 0 
Uninoculated controls................... 15 0 


* . < . % . : Zs 
Mice infected/mice inoculated. 
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TABLE 2 
COMPARATIVE TITRATION OF MHV in Cuick EMBRYOS AND IN NEWBORN MICE 


Virus dilution 
10-1 | 1072 10-3 10-4 10-5 
MHV in chick embryos.............| 40* 15 4 12 2 
MBH V in chick embryos............. 29 7 8 
Ahove 61° C./40 minutes........... 6 
MAHV in newborn mice............. 9/9T 6/7 
Above 61° C./40 minutes. .......... O/11 | 


* Histiocytes per 100 oil-immersion fields. Normal level: 0 to 15. 
+ Number of mice infected/number inoculated. 


sheets of cells developed within 5 days. The nutrient fluid was poured off 
and 0.1 ml. of MHV (Princeton PRI) virus was added to each tube of tissue 
culture. Ten minutes later, 0.9 ml. of maintenance solution (calf serum 3 
per cent in Eagle’s BSS) was added to each tube. The maintenance solution 
(MS) was changed at 3- or 4-day intervals; however, the cultures were observed 
microscopically every day. Newborn mice were inoculated with base-line 
culture fluid and with homogenized tissue in the MS at 5-day intervals. Cyto- 
pathology was not detected during the 15 days of observation, and MHV was 
not recovered from any specimen except for the base-line inoculum (TABLE 3). 
This experiment was repeated with L-strain cells, but cultures were tested at 
earlier intervals (TABLE 4+). MHV was recovered from the culture 3 hours 
after inoculation, and at 9 hours 1 of 6 inoculated mice developed the disease. 


TABLE 3 
MHV (NeEtson PRI) 1:5 DiuTION IN L-STRAIN CELL CULTURE 


Time after inoculation Cytopathology Mouse inoculations 
Base line — 5/5" 
Five days 0 OF 2 
Ten days 0 0/5 
Fifteen days 0 0/5 


* Number of mice infected/number of mice inoculated. 


TABLE 4 
MHV (NeEtson PRI) 107 iy L-STRAIN CELL CULTURE 


Cytopathology Mouse inoculations 


Time after inoculation 

Base line — 6/06* 
3 Hours 0 5/5 

9 Hours 0 1/6 

25 Hours 0 0/4 

25 Hours—no tissue — Oe 

48 Hours 0) 0/ 


* Number of mice showing liver lesions/number of mice inoculated. 
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TABLE 5 
MHV (Grepuitt) 10 mm L-StTRAIN CELL CULTURE 


Time after inoculation | Cytopathology 


| | Mouse inoculation 
| 

Base line — 10/10* 

25 Hours 0 | 0/5 


* Number of mice showing liver lesions/number of mice inoculated. 


TABLE 6 


MHV (Netson PRI) ry Mincep Tissues From NEWBORN MICE 
(Virus titration in base line 10~*-5) 


Mouse inoculation 
Time after inoculation 
Liver tissue Kidney tissue 
9 Hours 0/6* 3/3 
25 Hours 0/3 3/3 
72 Hours 0/3 | 1/3 
144 Hours == 0/2 
25 Hours—no cells 1/10 


* Number of mice showing liver lesions/number of mice inoculated. 


Tissue-free virus cultures were negative when tested after 25 hours at 37° C. 
A repeated experiment with MHV (Gledhill strain) was negative at 25 hours, 
and cytopathology was not observed (TABLE 5). 

MHV (Princeton PRI) was inoculated into flask cultures of minced liver 
and minced kidney tissue in MS. The initial virus content of the MS showed 
mouse infectivity out to LDs>—10*°. MHV was not recovered from the 
liver tissue cultures when tested at 9, 25, 72, and 144 hours. MHV was 
recovered from the kidney cultures at 9 and at 25 hours after inoculation, and 
1 of 3 mice developed hemorrhagic liver lesions from a 72-hour culture inoculum. 
The tissue-free virus control killed 1 of 10 mice inoculated after 25 hours at 
37° C. (TABLE 6). It might be argued here that the liver tissue may not have 
survived for 9 hours, thus affording little medium for virus survival; however 
liver-tissue imprints at this time showed histologically intact cells. If MHV 
entered the mouse cells and manifested an “eclipse” phase in virus reproduc- 
tion, then either this phase is longer than 15 days or it was extinguished. 

During the past year 24 acute serum specimens from viral hepatitis patients 
have been studied in monolayer cultures of HeLa cell and, in accord with the 
findings of others (Bang and Warwick, 1954; Henle, 1954; Syverton 1954) 
cytopathology was not detected. The tissues were homogenized in the MS 
and inoculated into the CAF of embryonated eggs. All such inoculations were 
negative. The Detroit 6 strain of cell (Stulberg, Berman, and Ruddle 1955) 
was kindly transferred to our laboratory by I. W. McLean of Parke Dav & 
Company, Detroit, Mich. It was propagated carefully according 0 the 
details stressed by McLean and his colleagues (personal communication) 
R. H. Bussell of our laboratory worked with this cell strain for over nine months. 
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While it is difficult to propagate, this strain was adapted satisfactorily to 
propagation in horse serum. Serum specimens from six selected acute cases of 
human viral hepatitis have thus far failed to induce cytopathology in the 
cultures. For obvious reasons we were unable to test the inoculated cultures 
for virus content; nor were the inocula tested for virus content. The inocula 


did induce significant cytological changes in the CAF of inoculated eggs. 


(3) Pools of liver tissue from newborn Swiss mice, acutely ill with MHV 
(Gledhill) infection, were homogenized 10 per cent by weight in Hank’s BSS, 
and this material was centrifuged at 2000 rpm for 30 minutes, then at 10,000 
rpm for 20 minutes at 4°C.* Aliquots of supernatant fluid from the latter 
preparation were then centrifuged at 120,000 g* for 1, 2, and 3 hours. The 
supernatant fluid was then separated, and the sediment was resuspended to 
original volume in Hank’s BSS. Portions of the ultracentrifuged preparations 
were subjected to (1) testing for infectivity by inoculation into newborn mice 
(0.05 ml. intraperitoneally), (2) desiccation and reconstitution in distilled 
water, (3) desiccation and extraction with chemically pure benzene 3 times at 
20-minute intervals and then to reconstitution in distilled water to its original 
volume, (4) mixture with one third volume of diethyl ether at 4° C. overnight 
and rendered ether-free by centrifugation and vacuum, and (5) heating at 61° C. 
for 20 minutes. Control antigens were processed from liver pools from uninocu- 
lated mice. 

Antiserum was prepared by inoculating clarified MHV (Gledhill) into adult 
Swiss mice (0.1 ml. intraperitoneally) twice at a 2-week interval, and the mice 
were exsanguinated 2 weeks following the last inoculation. When diluted to 
10-° the immunizing inocula killed newborn mice. 

Control sera were processed from mice of the same colony just prior to the 
study of MHV infection and from mice inoculated with liver extracts processed 
from uninoculated mice. 

The complement fixation (CF) technique employed was essentially that 
described by Bengtson (1944) in which 0.2-ml. quantities each of antigen and 
serum and 2 units of complement were used. The hemolytic system was 
added after incubation overnight at 4° C. Complement fixation was deter- 
mined by visual inspection. Mouse serum was diluted initially 1:10 in buffered 
physiological saline and heated at 61° C. for 20 minutes. 

A box titration of MHV (Gledhill) with serum from immunized and from 
normal mice is outlined in TABLE 7. Extracts from “normal” mouse liver did 
not fix complement in the lowest dilutions of serum and antigen. Further 
tests with antigens and sera were made with 16 units of antigen and with 8 
units of antiserum. Complement fixation tests made with the antigen prep- 
arations described above were positive with the supernatant fluid of the 
preparations centrifuged at 10,000 rpm and at 40,000 rpm (120,000 g) at 1,2, 
and 3 hours (TABLE 8). A quantitative decline in CF antigen in the super- 
natant fluid of the latter procedure was detected following heating, ether 
extraction, desiccation, and desiccation with ether extraction; however, these 


procedures did not cause complete extinction of antigenicity. The sediment 


* A model L preparative Spinco centrifuge was used. 
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TABLE 7 
Tur SeroLtocic Detection oF MHV In Liver EXTRACTS 


Antigen dilution 
- Normal liver 
Serum dilution MHV liver extracts extracts 
12 1-4 1-8 | 1-16 | 1-32 1-64 1-2 1-4 
T402Positive WO pope at= lth cette ate ali el tet te tie = a 
WED seSesese|sasessas| Sess = = a 
AOS Nese ae| sp arsie ae i = = = 
eh). | S=soses= = oa = = Pe 
1:160 a = _ = = = 
Normal serum _ — 
1:10 
TABLE 8 
PROPERTIES OF MHV ComMPLEMENT FIXING ANTIGEN 
Antigen titration Infectivity 
MHYV Lot 186 | | | 
I 140-Imm.|Normal 10 ~— | 102 | 10-8 | 10-4 | 10-8 | 10-8 
serum serum 
A ! 
Crude 10, centrifuged 10,000/20 min..| 1:8 — 9/9* 6/7 0/6 
Sediment of 40,000/1 hour........... Weel _- 1/7 
SKM AMINE CHAK oo Googe soe ean wan 2 — 6/6 
Sediment dried + benzene (3X). .... — — | 
Supernate of 40,000/2 hour.......... WE TK} — 1/14 
Supernate of 40,000 heated 61° C./20 
ILL eer ee ES Mee Rr eee ee ee 174. -- 
Supernate of 40,000 + 14 vol. ether..| 1:4 —- 
oypreraimens @bmeal. sc Aan so Sune ne 1:4 — 
Supernate dried + benzene (3X)..... 1 — 
Normal liver 
Crude 10 per cent, centrifuged 
NOOO AW sri, oo ee ne saa — -— 
Supernate of 40,000/1 hour.......... -— — 


* Mice showing hepatitis lesions/mice inoculated. 


from the 1-hour ultracentrifugation, resuspended to original volume, appeared 
to have less CF antigen than the original preparation and less than its super- 
natant fluid. The virus content of the antigens declined from newborn-mouse 
LDso of 10 and 10~° in the original liver preparations (10,000 rpm for 20 
minutes) to less than 10 in the supernatant fluid of the ultracentrifuged 
antigen. 

The MHV antigens described here showed no antigenic relationship to 
viral hepatitis in man; serum specimens from 15 patients, collected at acute 
and convalescent stages of illness, were negative. On the basis of the data 
presented here, however, it appears that a soluble antigen has been extracted 
from MHV. In this respect a specific CF test has been described for canine 


Pollard: Viral Hepatitis in Animals and in Man 389 


hepatitis virus (Larin, 1951; Mansi, 1955). It is conceivable that a CF 
antigen may be extractable from liver tissues of patients acutely ill with viral 
hepatitis, and this possibility is under investigation. 

Three properties of MHV have thus been examined. The effects of intact 
and of heat-inactivated MHYV in eggs were consistent with the pathogenicity 
of such inocula for newborn mice. From the data in TABLES 1 and 2, it would 
be justifiable to associate the cellular response in CAF to the presence of MHV 
or a thermolabile product in the inoculum. The egg does not appear to be as 
sensitive an indicator of viral activity as is the newborn mouse, since at least 
1000 mouse-infective doses of MHV were needed to induce a significant cellular 
response in chick embryos. If this relative sensitivity prevails with human 
viral hepatitis, then the response to the inoculation of acute sera into eggs may 
yield results inconsistent with the diagnosis suspected in the patient-donor of 
the serum. 

MHV disappeared rapidly from cultures of mouse fibroblast (L strain) 
that had been inoculated with the virus, and this was consistent with the 
negative cytopathology associated with such inocula. MHV alone did not 
survive storage for 25 hours at 37° C. While mouse fibroblast tissue did not 
exert even a passive protective effect on the MHV inoculum for longer than 
3 hours, the survival of this virus in minced kidney tissue for 25 hours suggests 
a more favorable pathway for investigation. The tissue reaction to MHV 
resembles that described with human viral hepatitis agents in cultures of human 
tissues (Henle, 1954). Until such cultures are tested for infectivity in human 
volunteers, or are identified immunologically, the propagation of the agent 
or agents of human viral hepatitis will remain an uncertain accomplishment. 

Complement fixing antigen has been prepared from MHV-infected livers 
(Pollard and Bussell, 1957) and from canine hepatitis-infected livers (Larin, 
1951; Mansi, 1955). Studies on serologic antigens from human hepatitis 
tissues have yielded nonspecific results (Eaton, Murphy, and Hanford, 1944; 
Olitzki and Bernkopf, 1945; Miles, 1946; Havens et al., 1949). The prepara- 
tion of a specific soluble antigen from canine hepatitis and from MHV-infected 
tissues warrants the extension of similar techniques into the examination of 
liver tissues from acute cases of human viral hepatitis. 

In exploring 3 facets of an animal prototype of a human disease, results 
with 2 of them appeared to support the findings already encountered in the 
human disease. The third offers a possible avenue through which a specific 
serologic test might be attained. 
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Part III. Leptospirosis: A Contem porary Problem 


INTRODUCTION 


By Donald S. Martin 


Communicable Disease Center, Public Health Service, Atlanta, Ga. 


It was just fifty years ago that Stimson! described the finding of organisms, 
now accepted as leptospires, in the kidneys of a patient who died, supposedly 
of yellow fever, in New Orleans, La. A few years later, the organism was 
cultivated successfully from cases of Weil’s disease by investigators working 
independently in Japan? and in Germany.’ 

Then, as in many diseases, a period of discovery was followed by a lull. 
Leptospira icterohaemorrhagiae was recognized as the etiological agent of Weil’s 
disease, the epidemiology was worked out, and the textbooks confidently 
printed the facts that the organism was carried by rats, and that man acquired 
his infection when he became contaminated by rat urine. 

During the past fifteen to twenty years, the entire picture has changed; 
leptospirosis is now recognized as a world-wide public health problem of in- 
creasing importance. We now know that the term leptospirosis does not 
connote a single disease entity, and that the clinical pictures may be quite 
different, depending upon the particular serotype causing the infection. We 
know also that leptospirosis of domestic animals is of great concern to farmers, 
milk producers, and breeders of cattle and swine. 

The various clinical and diagnostic problems of the leptospiral infections 
were discussed at length in a symposium held five years ago at Walter Reed 
Medical Center, Washington, D. C. The information has been accumulating 
so rapidly that it is considered most appropriate that we be brought up to 
date once more. 

I take this opportunity to compare the development of our knowledge of 
leptospirosis with that of the systemic mycoses. Until the last few decades, 
coccidioidomycosis and histoplasmosis were considered as rare but almost 
always fatal infections with quite characteristic clinical features. Today, 
it is known that infections from these fungi are extremely common in certain 
areas of the country, and that the development of a full-blown fatal form of 
either disease is the exception. Infections from these fungi result in such a 
variety of clinical manifestations that the true epidemiology of the disease 
became apparent only when diagnostic skin and serologic tests were developed 
and applied in large-scale studies. It was necessary to impress bacteriologists 
with the fact that they should not throw out the cultures after the first two or 
three days—it was necessary to alert physicians to suspect a fungus infection 
in a patient who did not respond to antibiotic therapy. es 

I feel that the same principles are applicable today in leptospirosis. Both 
bacteriologists and physicians must be alerted always to consider the possi- 
bility of leptospirosis in any patient with an obscure febrile illness. Blood 
cultures must be taken early in special media and must be held for weeks. 
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Leptospirosis cannot be excluded because the patient shows no jaundice or 
denies falling in water contaminated by rat urine. New leptospiral serotypes, 
pathogenic to man, are being found in other parts of the world, and the clinical 
picture of infections caused by these serotypes may be quite different from that 
of classic Weil’s disease, canicola fever, pomona meningitis, or pretibial fever. 
We now are learning also that leptospires of various serotypes can be cultivated 
from an ever-widening range of animal species. 

The possibilities are just beginning to unfold, and the reader will find, in 
the present section of this monograph, the latest information on leptospirosis, 
which is becoming of increasing significance to those who are concerned with 
infectious diseases of both man and animals. 
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ANIMAL RESERVOIRS OF LEPTOSPIRES 


By B. Babudieri 
Istituto Superiore di Sanita, Rome, Italy 


Man forms a purely incidental and nonessential link in the chain of the 


epidemiology of leptospirosis. As a rule, the human infection is exhausted 


within itself, and it is only in extremely rare instances that it is the cause of 


fresh cases of the illness. 


Furthermore, the pathogenic Leptospira are not able to adapt themselves to a 
saprophytic life and are unable to reproduce in the outside world, in which 
their survival is somewhat limited in time. 

Consequently, the exclusive sources of the infection, direct or indirect, are 
the animal carriers and shedders of the Leptospira. A knowledge of these is 
essential for the determination of the epidemiological characteristics of the 
infection and in order to be able to provide, in advance, really efficient pro- 


 phylactic measures. 


It is necessary to define clearly what is meant by the term SCALTICE amu L0) 
the first place, one must distinguish between the condition of the occasional 
and temporary shedder of leptospires, and that of the true carrier. The 
first is a normal condition for every individual who suffers, or has recently 
recovered, from an infection by leptospires. During the illness there is con- 
stant leptospiruria, which continues long after the recovery but, invariably, 
only for a limited period: generally for several weeks. 

The temporary shedder of leptospires may constitute a source of natural 
infection, but his epidemiological importance is relatively limited, not only 
because the leptospiruria ceases after a short time, but also because, in handling 
the sick or convalescent patient, it is easy to carry out the appropriate rules 
of prophylaxis. 

The condition of the permanent carriers is quite different. Here one is 
dealing with animals that have suffered infection by leptospires (an infection 
that may have shown morbid manifestations or that may have remained 
symptomatologically blank), and have then remained shedders of leptospires 
via the urine for a long period or even for the rest of their lives. It is these 
carriers that permit the survival of individual serotypes of Leptospira and that 
constitute the most dangerous source of the infection. 

Our knowledge of the leptospire carriers is not yet complete. The carriers 
among the more common animals, which more easily come into contact 
with man, are sufficiently well known. Knowledge is much less plentiful, 
however, with regard to the rarer animals that are more difficult to study 
experimentally and are less close toman. In fact, at some times when one finds 
leptospires in the urine or kidney of such animals, one does not know whether 
one is dealing with temporary shedders or with true carriers. 

From a practical point of view, the importance of the animal carriers depends 
on different factors. One of these is the reaction of the urine. It is well 
known that the pathogenic leptospires are very sensitive to variations of pH. 

393 


394 Annals New York Academy of Sciences 


Research that I have carried out on some serotypes of these has shown that the 
extreme limits of pH that may permit the survival of leptospires for a period 
of at least 6 days in an environment otherwise favorable to their existence are 
between 6.24 and 8.23. In order that the survival be prolonged to one month, 
these limits must be reduced to 6.35 and 7.96. Some animals, including man, 
have a distinctly acid urine, and in their case the leptospires excreted with it 
are either dead or at least unable to reproduce the illness. In such cases and 
for this reason the animal, in spite of being a carrier, does not constitute a danger 
from contagion. The reaction of the urine may vary, however, even in the 
same animal, according to its diet. 

This is the case in the dog which, if given a diet of meat, has an acid urine 
fatal for the leptospires; when, however, the dog has a predominantly vegetable 
diet, it has a urine of neutral or even slightly alkaline reaction much more 
favorable to the survival of the leptospires. According to Zuelzer,’ the rat 
also generally has a urine with a pH of 5.4 to 5.8 but, if it subsists primarily 
on vegetables, the pH rises to a level of 7 to 8. 

Generally the herbivorous animals have a neutral or slightly alkaline urine, 
while that of the carnivores is usually acid. It is also necessary to remember 
that an acid diet, at least in dogs, does not succeed in disinfecting the animal. 
The leptospires that colonize the small renal canals survive and reappear in 
virulent form in the urine as soon as its reaction has again become favorable. 

It must also be remembered that leptospires, although very sensitive to an 
acid environment, are nevertheless able to survive in it, at least within certain 
limits, for a very short period. Thus, an animal that excretes a moderately 
acid urine may be dangerous if the urine is immediately mixed with water or 
mud of favorable reaction. In this case the leptospires surviving the brief 
transit in the acid urine find themselves in environmental conditions favorable 
to their existence. 

Another factor of great importance is that of the environment in which the 
animal carrier lives. Rarely does the infection occur directly through contact 
with the infected urine. Man nearly always infects himself indirectly, by 
way of water, mud, or foods contaminated by the urine. Consequently animal 
carriers that have the capacity for contaminating their surroundings are partic- 
ularly important; those that eliminate leptospires but disperse them in an 
unfavorable environment, where they rapidly die out, are of little consequence. 
For example, the importance of small rodents that live in the flooded rice fields 
is very different from that of the jackal which, in Israel, lives in arid or semi- 
desert regions. 

Another example is given by the conditions which, in the plains of the large 
rivers of central and eastern Europe, permit in some years the outbreak of 
epidemics of the so-called Schlammfieber (mud fever) caused by L. grippotyphosa. 
The usual carrier of this leptospire is the field mouse (Microtus arvalis) that 
lives in holes scattered throughout the fields. 

If the season is dry, the illness caused by L. grippotyphosa is slight because 
the leptospires eliminated with the urine have little chance of surviving in 
such surroundings. When, however, the season is rainy and especially when, 
aiter great river floods, the plains remain muddy and dotted with puddles for 
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a long time, the earth becomes saturated, so to speak, with leptospires. This 
condition gives rise to the epidemics of Schlammfieber, which sometimes affect 
untold thousands of persons who work in such fields. 

Finally, a third factor of great practical importance is the possibility of 
contact, direct or indirect, between the animal carriers and man. It is easy 
to comprehend how wild animals that live far from human habitations and 
cultivated land have much less epidemiological importance, if they are carriers, 
than those that live in homes, in stables, or in the cultivated fields and, espe- 
cially, those that experience frequent manual attention. 

These three factors, variously combined among themselves, condition the 
practical importance of the different animal carriers of leptospires. 


THe RELATION BETWEEN LEPTOSPIRES AND THE ORGANISM OF THE 
ANIMAL CARRIER 


What is the mechanism through which the quality of the carriers is estab- 
lished? It is not yet completely known, and it still presents difficulties similar 
to those encountered when the same problems are examined in the field of 
the bacterial carriers. 

In the first place it is worth remarking that, at least as far as is known at 
present, the condition of the carrier is not established unless the animal has 
suffered an infection by leptospires. This infection may give evident clinical 
manifestations or may pursue its course completely undetected. In both 
cases, however, during the course of the infection a transitory state of lep- 
tospiremia exists. In this stage it is possible to find leptospires in all organs, 
including the kidney. Leptospires are found in the interstitial tissue in this 
organ, as well as in the vessels. However, it is only in relatively smal] numbers, 
and often simultaneously with more or less extensive lesions of nephritic nature, 
that they penetrate into the renal canals and pass into the urine. When, on 
the other hand, an immunized state is established in the patient, which happens 
after seven to ten days, the leptospires disappear from the blood and the 
interstitial tissue and begin to accumulate in the secondary convoluted tubules. 
These masses, true colonies of leptospires, adhere to the epithelial cells and 
sometimes are even included in them, without exerting any evident pathogenic 
action on them with the exception, in some cases, of a mechanical action that 
produces a flattening of the epithelia themselves.” The masses are sometimes 
very large, being constituted of an inextricable tangle of spirochetes. It 
does not seem, however, that they ever succeed in completely obstructing the 
tubules in which they colonize: a fine canal in the center always persists through 
which the urine may pass. 

Numerous leptospires detach themselves from such masses and are then 
transported by the urine to the exterior. It may be said that at this stage 
the leptospires are transformed from internal parasites of the organism into 
external parasites and that, in a sense, their life approaches that of the sapro- 
phytes. At this point the leptospires are released from the action, for them 
harmful, of the defense mechanism of the host. The antibodies circulating 
in the blood and in the tissues do not succeed in reaching them and are not 
even able to exert an antigenic action on the host. In fact, in animal carriers 
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the antibody level gradually diminishes at a rate equal to that in noncarriers 
until it reaches a level no longer detectable by our methods of investigation. 
During a search for L. ballwm in numerous specimens of A podemus sylvaticus 
that I carried out in Spain, four strains of these leptospires were isolated, all 
from mice that did not show any trace of antibodies in the serum. On the 
other hand, antibodies were found to be present in other mice that, however, 
were not carriers. The same phenomenon has been observed in cattle by 
Gillespie ef al.2 and by Kmety ef al.® in dogs by Alexander ed al.,* in pigs by 
Burnstein and Baker,® and in rodents by numerous other authors.’"1° 

However, as already mentioned, some points are still obscure. One of 
these arises from the fact that the leptospires are able to survive in the renal 
tubules, even though antibodies against them are present in the urine.''™ 
However, it is true that such antibodies have a low titer and never reach the 
high level that may be found in the serum. 

On the other hand it is known that, if a specific serum of not very high 
titer is introduced into a culture of leptospires, one nearly always observes a 
certain number that are able to survive and multiply, giving place, by the 
phenomenon of agglutination, to masses that, in a sense, may even call to 
mind those observed in the renal tubules. 

Another obscure point is the reason for the establishment of the state of the 
permanent carrier in certain cases while, in others, the urinary elimination of 
the leptospira is only a transitory event. Some obscure phenomena of biologi- 
cal affinity certainly exist here; by these a state of biological equilibrium is 
easily established between some serotypes of leptospires and some animal 
species. This equilibrium is either lacking or much more difficult to establish 
in other cases. Both components of this symbiotic association play a part in 
this phenomenon. In fact, it is observed that, while certain animals easily 
become carriers of some serotypes of Leptospira, they do not become so for 
others. This confirms anew the biological validity, discussed by some in- 
vestigators, of the subdivision of Leptospira into serotypes; at the same time 
it demonstrates the fact that the distinction made initially between temporary 
shedders and persistent carriers, although unconventional, is one that rests on 
a solid if poorly explicable biological basis. Any animal susceptible to infec- 
tion by leptospires may become a temporary shedder, but only those animal 
species that present a particular condition of biological sympathy for a deter- 
mined serotype of Leptospira can become carriers. For example, the rat, 
which is a habitual carrier of L. icterohaemorrhagiae, is unable to become one 
for the serologically related L. canicola.! 

It should be pointed out that, even within the ambit of the same species, 
not all the animals that have suffered infection necessarily become carriers; 
this occurs only in some. Why this occurs it is difficult to explain, and it is 
also difficult to understand why some animals remain carriers all their lives 
while others, after a period of months or even years, become autodisinfected. 
However, these phenomena are not only peculiar to the leptospire carriers, 
but are common to all the other categories of carriers of pathogenic agents. 

Furthermore, even the different strains of Leptospira belonging to the same 
serotype behave differently in the same host. Van der Hoeden™ has pointed 
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out that the white mouse may become a carrier of L. grippotyphosa on condi- 
tion that it is inoculated with a sufficient quantity of this agent. The animal 
may then eliminate the leptospires with the urine either continuously or 
intermittently, according to the strain of the agent. 

Animals that are carriers of leptospires do not seem to suffer any damage 
from their condition.'*!8 It is true that partial renal lesions have been de- 
scribed in some carriers (occasionally in cattle and more often in dogs), but 
it is unlikely that these lesions are to be attributed to the leptospires that the 
carrier harbors; it is more probable that they are the consequence of the previous 
acute infection by leptospires. In fact, these same lesions may also be found 
in cattle and in dogs that have recovered from leptospirosis, but have not 
become carriers. 

On the other hand one has the impression that the circumstance of being 
harbored by one particular animal species rather than by another does exert a 
certain influence on the pathogenic property of some leptospires. In this 
respect, clear experimental results are lacking; nevertheless it is probably 
true that, as noted by some authors, the transit of L. icterohaemorrhagiae in 
the rat accentuates its virulence. Thus L. bataviae, disseminated in Italy by 
the harvest mouse Micromys minutus sorcinus, almost invariably produces a 
light anicteric infection, whereas in Indonesia, where the principal carrier is 
the rat Epimys diardi, it causes a serious illness in which jaundice is very 
often present. 

In the same series of phenomena may be included the fact—one I have 
repeatedly observed—that when man contracts an infection of L. pomona 
by direct contact with pigs, he almost always becomes ill with distinct and 
prevalent meningitic symptoms, whereas these are very often absent in cases 
of infection due to the same leptospire if it is contracted in the country, where 
it may be acquired from a different source. 

Although it is generally accepted that the animal carrier of leptospires 
harbors these spirochetes in the kidney and eliminates them with the urine, 
the hypothesis has nevertheless been advanced that the leptospires may persist 
in some other organs; for example, in the brain or the salivary glands. This 
latter hypothesis has been advanced because of the repeated observation of 
infections by a leptospire following a bite from a dog or, more frequently, 
from a small rodent.!*2! This hypothesis is probably untenable. Thus far 
it has never been demonstrated with certainty that a chronic animal carrier 
of leptospires may present them in the saliva or the salivary glands.” The 
cases recorded above may be explained either by supposing that the biting 
animal happens to be in the acute stage of the infection, in which case the 
leptospire may indeed be found in the saliva, or by assuming that the wound 
caused by the bite has been contaminated by infective urine excreted by the 
animal. This contingency is probable in cases in which the bite has been 
received from a mouse caught with the hands, since it is well known that these 
small rodents easily excrete urine when frightened. 

Another question is that of when and why an animal becomes a carrier or, 
to be more precise, contracts the infection. 

It is noted, from the research of Uhlenhuth and Fromme,” that leptospires 
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are able to pass through the placenta and to reach the fetus. Sixteen years 
ago Biocca and I’ were able to show that sometimes this produced neither 
abortion nor death of the newborn, but simply an illness of short duration in 
the parent. Nevertheless, it has never been demonstrated that an animal 
has become a carrier through an infection contracted during the fetal stage. 
On the contrary, the observations of all workers occupied with this topic 
agree that in rats and mice the percentage of carriers is much higher in adult 
animals than in the young. This indicates that, at least in these animals, 
the infection by leptospires usually occurs neither during the fetal period nor 
during the period of infancy, when closer contact with the parents, possible 
carriers, would suggest that contagion might be easier. It may be that newborn 
animals acquire from the mother, through the placenta or with the milk, a 
temporary passive resistance that protects them for a time. In addition, it 
must not be forgotten that in very young animals leptospirosis takes a more 
severe course, so that many of these victims die before becoming carriers. 

In any case all the evidence seems to suggest that the animals more often 
become infected when they are adults and in the same way in which man may 
become infected. Furthermore, it is probable that the infection may occur 
through copulation. It has been experimentally proved, in fact, that lep- 
tospires may pass through the genital mucosa; moreover, some cases of human 
infection by sexual contact have also been described.**: 7° 


Leptospira in the Arthropoda 


The possibility that insects might be carriers of the agent of Weil’s disease 
was considered even before the genus Leptospira was discovered and its etio- 
logical role recognized. Some epidemiological data made the following hypo- 
thesis appear probable. The frequency of the illness in persons living in 
marshy zones, its greater diffusion in the summer, and the influence of rain 
and humidity on the oscillation of the illness are all factors that were assumed 
to cause the epidemiology of Weil’s disease to approach that of malaria. This 
theory was supported particularly by Hecker and Otto2* and the insects 
mainly suspected were the mosquito and the horsefly. 

Later, after the discovery of Leptospira, this theory was abandoned, even 
though numerous research workers attempted to demonstrate its worth 
experimentally. These researches have been particularly well summarized 
and discussed by Uhlenhuth and Fromme,” who made a notable contribution 
to them. 

The possible role of Hematophagus flies has been studied by Reiter and 
Ramme,” who show that Haematopota pluvialis may transmit leptospires 
to guinea pigs mechanically. The same possibility has been demonstrated 
by Uhlenhuth and Kuhn” for Stomoxys calcitrans. This horsefly may transmit 
the illness for a period as long as six days after having bitten a sick animal. 
In flies, however, multiplication of the ingested leptospire is not demonstrable 
and, according to workers who have carried out these experiments on guinea 
pigs, the results are not immediately relevant to man nor to the natural epi- 
demiological conditions. . 


Numerous researches have been carried out on the various species of mos- 
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quito, generally with negative results.°°** The only exception is Noguchi,” 
“who maintains that Aedes aegypti may be a carrier and transmitter of lep- 
stospires. According to the unconfirmed observations of Gay and Sellards,” 
‘\eptospires are able to survive for at least 22 days in the body of the mosquito. 

Attempts to transmit leptospires by means of lice have likewise been unsuc- 
_cessful.5s: 8® Positive results, however, have been reported by Dietrich,” 


both with the louse and with a leech; and by Blanchard, Lefrou, and Laigret*! 


with bedbugs. These arthropods have succeeded in infecting the guinea 


pig even after a period as long as 38 days subsequent to being fed on a sick 


human. Bonne,? however, has not been able to confirm these last results. 
The experiments carried out on fleas and ticks by Huebner and Reiter pro- 


duced negative results.*® Recently, however, it has been demonstrated con- 


clusively that ticks may become infected with leptospires and may not only 
conserve them for a long time (at least 518 days) in their internal organs,* “ 


but may also emit them with their coxal liquid and pass them on to their 
- descendants. 


Of particular interest are the observations of Burgdorfer,“* who not only 
succeeded in transmitting leptospirosis to guinea pigs by feeding infected 
examples of QO. turicata on them, but has also found a tick infected in nature 
by L. ballum. These findings were recently confirmed by two Russian authors: 


- Krepkogorskaia and Rementsova,* who were able to isolate two strains of 


L. grippotyphosa from specimens of Dermacentor marginatus captured in the 
Kazakh Soviet Socialist Republic, a region where leptospirosis is endemic in 
cattle. 

These researches should be worth following up because, although it is very 
improbable that ticks may have importance in the human epidemiology of 
leptospirosis, it is not impossible that they may play a role in the transmission 
of the infection from animal to animal. 

With the exception of these last results, it may be said that all these researches 
were carried out for the most part in the first years that followed the discovery 
of the Leptospira when the epidemiology of the infection was still imperfectly 
known, and that they have not produced any positive results of practical 


interest. Certainly, it must be admitted that in particular experimental 
conditions some arthropods may become infected with leptospires, may main- 
tain them for a reasonably long time in their bodies, and may finally emit 
them in such condition as to render the infection of a mammal possible. This 
is, however, a rare occurrence, it can happen only under very particular circum- 
stances or in well-organized experiments, but it very improbably occurs in 


nature. 


Vertebrate Carriers of Leptospires 


Very little research has been directed to determine the receptivity of amphib- 
ians to leptospires. Ghetti and Corrales’ have obtained negative results 
in the frog, and I have searched unsuccessfully for pathogenic leptospires in 
some species of amphibian caught in the rice fields of Italy. Uhlenhuth and 
Fromme” have found leptospires in the intestine of the frog, but these are 
probably water leptospires that are not pathogenic. 
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Nothing is known of the possible receptivity of fish to infections from 
leptospires. Altava, Barrera, and Villalonga® have searched without success 
for pathogenic leptospires in the organs of minnows (Gambusia) living in the 
infected waters of rice fields in Spain. Dohmen® reports the case of a fisherman 
who became ill with leptospirosis after being bitten by a pike, but probably 
it was not the fish that infected him directly; the wound caused by the bite 
formed a point of entry for leptospires present in the water. 

As far as I am aware, research on reptiles in this connection is nonexistent. 

The possibility that birds may be susceptible to infection with leptospires and 
thus become carriers has already been examined by Uhlenhuth and Fromme,” 
who have established that chickens and sparrows are resistant to the infection. 
Martin and Pettit,®' Ghetti,“7 and Oba® have also had negative results with 
chickens and pigeons, and Oba®” has proved that there are no formations of 
antibodies in the inoculated chicken. Corrales, on the contrary, has shown 
that the serum of the normal chicken exerts a lytic action on leptospires. 

In contrast to these results, other more recent workers have succeeded in 
finding, in nature, chickens that show a high titer of agglutinins in the serum 
(Gillespie et al.’ for L. pomona, Terskich® for ““L. icterohaemoglobinuriae bovis” 
and “ZL. bovis palestinensis,’ Kujumgiev*®! for L. andaman A, Mochmann* for 
L. icterohaemorrhagiae, L. grippotyphosa and L. canicola, and Bernkopf and 
Olitzki°® for L. icterohaemorrhagiae and for “‘L. bovis’? chickens, ducks, geese, 
and turkeys). Seropositive geese have been reported by Mochmann® (L. 
grippolyphosa), and by Vissotski and Redkina.*” 

The fact that the chicken embryo may be experimentally infected with 
leptospires has already been demonstrated by Hallauer and Kuhn,’ and it 
has been shown that the chick may also be infected and may maintain lep- 
tospires in the circulation for several days (Hoag, Gochenour, and Yager*), 
As a result chicks are sometimes used for the isolation of leptospires from 
polluted material. 

Gillespie ef al.’ claim to have shown experimentally that the receptivity 
of the chicken to infection by leptospires is limited only to the first few days of 
life. However, Bernkopf*’ has succeeded in infecting chickens older than 
six weeks with “ZL. bovis” (L. grippotyphosa), producing in them either a 
morbid state or an obvious tendency toward immunity. The same result 
has been obtained in chickens and ducks by Kenzy and Gillespie®™ with L. 
pomonae. Chalquest® has succeeded in infecting experimentally, with L. 
pomonae, not only chickens, but also ducks, pheasants, and partridges. How- 
ever, he has not succeeded in finding leptospires in their intestines. 

It has not been possible thus far to isolate a pathogenic leptospire from a 
bird infected in nature, with the exception of the recent discovery of Kujum- 
giev, who claims to have isolated a strain of L. andaman from the kidney of 
a goose. ‘This discovery, however, requires confirmation. ; 

The first reliable discovery of this type was made this summer by my col- 
laborator EK. Bussinello in the rice fields of the Po valley in Italy. Bussinello 
(unpublished data) has succeeded in isolating two strains of L. bataviae from 
the intestine and liver of two wading birds frequently found in these rice fields. 
ther Leplospira strains, not yet classified, have been isolated from the kidney, 
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jliver, and intestine of the following species of aquatic birds: Ardetta minula, 
Ardea cinerea, Herodies gazzetta, Hidrochelidon nigra, and Gallinula chloropus. 

It is to be noted that L. bataviae is the type of leptospire most frequently 
*found in the rice fields of Italy, where it is usually transmitted by a small mouse, 
Micromys minutus sorcinus. It may be considered that the birds became 
infected from contaminated water of the rice fields or from devouring mice 


that were carriers of Leptospira. Regarding the discovery of leptospires in 


the intestine, it should be remembered that in birds the ureter flows into the 
intestine (cloaca). 


It is not yet possible to determine whether these birds are true carriers of 
this leptospire, or are only temporary shedders. 

If it should be demonstrated that they are carriers, the discovery would 
have very great importance, not only because it would modify our knowledge 
of the epidemiology of leptospirosis, but also because it might explain the 
strange phenomenon that the same serotype of Leptospira may be found in 
widely separated localities in spite of having, as habitual carriers, animals 


that live in relatively limited areas. For example, L. bataviae is found as 


frequently in Italy as in some Scandinavian countries and in Indonesia. It 
is also to be noted that the Grallae, which live in the Italian rice fields, are 
migratory birds that travel very great distances. 

Although it is possible that leptospires do infect other animals, it is never- 
theless beyond doubt that they are essentially parasites of mammals. It 
is among the mammals, in particular the rodents, that we find their most 
important carriers. 

Undoubtedly the gray rat, Epimys decumanus, is the most important carrier. 
Uhlenhuth and Fromme” have already indicated this rodent as the interna- 
tional carrier of L. icterohaemorrhagiae. Wherever researches are carried out, 
it is found, with rare exceptions, that a notable percentage of rats, sometimes 
90 per cent in adult animals, are carriers and shedders of L. icterohaemorrhagiae. 
When it is considered that the gray rat is extremely common, that it is found 
throughout the world, that with ships it can easily migrate from one country to 
another, and that it has close contacts with man and his foodstuffs, it is easy to 
comprehend how L. icterohaemorrhagiae is so universally diffused and is of prime 
importance among the other leptospires, both for the frequency and the gravity 
of the disease it provokes. 

The frequency of infection by L. icterohaemorrhagiae among sewer cleaners, 
among people bathing in sweet water close to sewer outlets, among workers in 
the rice fields of Spain, and in all places where rats abound, shows the close 
relationship that exists between the presence of this animal and human infec- 
tion. ; 

Also interesting in this respect are the observations made in rice fields in 
Spain by Altava, Barrera, and Marin,® who have noted that, apart from wide 
variation in the number of rats that infest rice fields, considerable annual 
variations also exist in the percentage of rats that are leptospire carriers. 
These percentages may already be determined in the spring, before work begins 
in the rice fields, and they give a very reasonable indication of what will be the 
development of leptospirosis among workers in the following summer. If 
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the percentage of rats that are carriers is low, there will be only sporadic cases 
of illness; if, on the other hand, it is high, an epidemic is to be expected. 

Another example of the relation existing between the abundance of rats 
and the frequency of human infection is given by the epidemic of leptospirosis 
which, in 1951, hit Kodiak and several other localities in Alaska, a territory 
that until then had been almost free from leptospirosis. The epidemic was 
studied by W. H. Gaub (unpublished data) and also described in a United 
States Navy report.?° 

It happened that during the course of World War IH the United States 
armed forces had accumulated in several localities in Alaska very abundant 
convoys of provisions, thus favoring multiplication of rodents. At the end of 
the war these deposits were demobilized and abandoned. In consequence the 
rats found there, undisturbed, an abundant source of food that permitted them 
to multiply at an extraordinary rate. When the provisions suddenly became 
exhausted, the rats poured en masse into the small towns of the region and, 
principally through contamination of foodstuffs, originated a very considerable 
number of cases of leptospirosis. 

Finally, it is worth noting that, according to a publication by McKinley," 
in the Philippine Republic (in which, at least until 1928, human cases of 
leptospirosis had not been reported) the percentage of rats that are carriers 
is less than 1 per cent, even in cities such as Manila, which have a large exchange 
of traffic with Japan, where the percentage of carrier rats is about 50 per cent 
and where human cases of the infection are numerous. 

The rat represents the classic example of an animal carrier of leptospirosis. 
It becomes infected at early maturity (the percentage of young rats that are 
carriers or even simply seropositive is very low) and, as has also been shown 
experimentally, it remains a shedder for years, practically throughout its 
life.2 65, 66 

The rat may become a carrier of other pathogenic leptospires as well as 
L. icterohaemorrhagiae; for example L. pomona,™:® 7 L. ballum, and L. 
bataviae.” 7° These are only occasional discoveries, however, of minor practical 
interest. 

The black rat, Epimys rattus, is likewise a carrier of L. icterohaemorrhagiae, 
but less frequently. For example, researches carried out in Japan’! have 
shown that almost 40 per cent of the specimens of Epimys decumanus are carriers 
of L. icterohaemorrhagiae, while scarcely 2 per cent are carriers among Epimys 
rattus. This lesser frequency, together with the fact that Epimys rattus is 
notably more rare than Epimys decumanus, serves to place it in lower order of 
practical importance among the carriers of L. iclerohaemorrhagiae. 

Other rats having importance as carriers of leptospires, include Epimys 
diardi, the principal disseminator of L. bataviae in Indonesia; Epimys brevi- 
caudalus, carrier of L. auwtumnalis and of L. pyrogenes; and Epimys culmorum, 
carrier in Australia of L. australis A. ? 

Mice are also important carriers of leptospires. However, according to 
some authors,” mice, unlike rats, are able to eliminate leptospires for a very 
long time but normally do not do so all their lives. At a certain. period, and 
by a still unknown mechanism, they become autosterilized. 
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Among the mice that are carriers of leptospires the most important is Microtus 
arvalis, habitual carrier of L. grippotyphosa, the leptospires most widely diffused 
in the great river valleys of Central and Eastern Europe. The number of 
these mice is subject to notable annual oscillations. When a year of great 
abundance of mice coincides with abundant rainfall and, still more, with floods, 
there is nearly always a human epidemic. It is necessary for these two condi- 
tions to coincide in order to make possible an epidemic. Thus, in 1943 Kathe” 
observed in Silesia that the field mice were very numerous, but the season was 
yery dry. Consequently, not only was the epidemic diffusion of the illness 
in man absent, but also the possibility of infection from mouse to mouse was 
limited. In fact, scarcely 1 per cent of the mice were carriers. In the year 
1942, on the other hand, the season was rainy and, although the number of 
field mice was not excessive, it was nevertheless noticed that 18 per cent were 
carriers, and the human illness became an epidemic. 

It is known, however, that Kathe’® has his own particular conception of 
the epidemiology of Schlammfeber. Kathe is a supporter of the Bodentheorie, 
according to which pathogenic leptospires should be capable not only of 
surviving in the external surroundings, but also, when these present favorable 
conditions, of multiplying in them. According to this theory, the high per- 
centage of carrier mice would not be the origin, but the consequence, of a wide 
diffusion of pathogenic leptospires in the soil. 

The observations of Popp,” made during a small epidemic caused by L. 
grippotyphosa among pea pickers in Germany, are also interesting. In the 
locality where the epidemic developed, Popp found that from 47 to 83 per cent 
of the adult field mice were carriers of leptospires. In the autumn, after the 
epidemic had subsided, he no longer found carrier mice in the area, and even 
the percentage of seropositive mice was rather low (20 per cent). Popp holds 
that this may be explained by presuming that a good number of the carrier 
mice died from leptospirosis. This contrasts, however, with what is known 
of the relations that usually exist between leptospires and the animal carrier. 

It must also be remembered that Van der Hoeden!® has demonstrated that 
the white mouse may be made a carrier of L. grippolyphosa experimentally 
and that it sheds the leptospires, without showing any apparent ill effects, 
for at least eighteen months. 

It is true, however, that urinary elimination is intermittent, especially for 
some strains of L. grippotyphosa, which may explain, at least in part, the 
results of Popp. ny 

Another species of Microtus, the montlebelli, is the principal carrier of L. 
hebdomadis, the agent of nanukayami or seven-day fever, and of L. autumnalis, 
the agent of hasami or autumnal fever, both very common m the Japanese 
countryside. 

Finally, in Israel Mucrotus guentheri has been considered the carrier of a 
particular strain of leptospire called L. geffeni.”* In the years 1949 and 1950, 
an enormous increase in the numbers of this mouse in the country regions 
produced, in turn, an epidemic of leptospirosis in man. Van der Hoeden” 
has comprehensively shown that the supposed L. geffent 1s no other than 


L. grippotyphosa. 
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Microtus may also be an occasional carrier of L. sejroe, L. bataviae, L. aus- 
tralis A,’ 8 and of L. “Sorex.” ae: ; 

Micromys minutus sorcinus is the habitual carrier of L. bataviae in the rice 
fields of northern Italy. Mino*! has counted 1200 nests of these little rodents 
in 140 hectares (346 acres) of rice fields and, among the animals examined, he 
found that 21.9 per cent were carriers. Unlike the other mouse species, the 
Micromys does not live on the dykes, but constructs its nests by hanging them 
on the stems of the rice plant. As a consequence, its urine falls directly into 
the semistagnant water of the rice field. The Micromys is also a carrier of 
L. bataviae in Finland.” 

Mus spicilegus is a frequent carrier of L. sejroe and L. saxkoebing, and it 
may also harbor L. ballum. 

Mus musculus is the principal carrier of L. ballum. This leptospire easily 
infects the white mouse, and many strains of this animal are contaminated 
with this parasite, thus constituting a danger for the experimental worker. 
In fact, laboratory cases of infection by L. ballum are relatively numerous. 
It has been shown that the mouse may remain a carrier for more than 100 
days after experimental infection. 

Mus musculus is also found to be one of the carriers of L. sejroe,’*: °° and 
Parnas have also isolated L. grippotyphosa from it. 

L. sejroe, like the related L. saxkoebing, is most frequently spread by mice 
belonging to the genus A podemus, a genus which, together with Epimys brevi- 
caudatus, is also responsible for the dissemination of L. autummnalis in the Far 
East and, in Europe, it may harbor L. pomona® and L. bataviae.™ 

Arvicola terrestris has been recognized as a carrier of L. grippotyphosa, 
L. saxkoebing, and L. ‘‘Sorex.’’®° 

In all probability, many other species of mice are carriers of leptospires, 
especially in the tropical regions. Since, however, in their case it is usually a 
question of single isolations of the parasites from the kidney, it is not yet 
possible to confirm whether they are in fact true carriers, or rather temporary 
shedders of leptospires. 

Among the insectivores, note may be made of the genus Sorex, the so-called 
shrew mouse, which, at least in Central and Eastern Europe, is the carrier of a 
leptospire corresponding to the type Poi. 

In the Union of Soviet Socialist Republics the hedgehog—both Brinaceus 
europaeus and E. auritus—is a carrier of leptospires, the systematic position 
of which is still badly defined’! In Czechoslovakia, Kmety®® has isolated 
from the same species a leptospire similar to L. australis A. Parnas®® has 
isolated L. bataviae and L. “Sorex from E. reumanicus. 

Finally, it may be mentioned that in the Andaman Islands, Collier and 
Esseveld*® have isolated from the brain of a bat belonging to the genus Cyno- 
plerus a leptospire later classified by Collier and Mochtar® as L. schiiffneri. 
The same type was also isolated later from the blood of a patient. 

In Java, Collier and Mochtar**: 8° have also isolated from the kidneys of 


bats belonging to the genus Cynopterus two strains of Leptospira belonging to 
a new serologic type, L. cynopleri. 
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With regard to the possibility that bats may be carriers of pathogenic lepto- 
spires, it is worth mentioning that in central Africa, in the region between the 
rivers Sagan and Omo, where Archetti and I*® established the existence 
among the inhabitants of infections from leptospira, the natives believe that 
the illness is spread by bats, which are very abundant around the wells from 
which the men and animals drink. The same belief is also reported by Riz- 
zotti,*' who records the presence of cases of leptospirosis in the south of Ethi- 
opia. Rizzotti states that the Amhara, in northwest Ethiopia, call the ill- 
ness besctd elélithof, which means bat sickness. 

These opinions of natives merit a certain consideration; it must not be for- 
gotten that in Africa the Galla, who inhabit British East Africa and Southern 
Ethiopia, had noted correctly the relationship between malaria and the mos- 
quito, both of which they were already calling by the same name long before 
this connection was even suspected in Europe. On the other hand, I have 
searched unsuccessfully for the presence of leptospires in numerous bats cap- 
tured in the rice-growing regions of Spain.™ 

Among domestic animals, the dog undoubtedly has the major epidemiologi- 
cal importance for man. The diffusion of leptospires among dogs is very high, 
and their infection is obviously facilitated by their habit of sniffing where other 
dogs have urinated. The leptospires that most often infect dogs are L. cani- 
cola and L. icterohaemorrhagiae. The first is the species predominant in most 
European countries, in America, and in Australia. JL. icterohaemorrhagiae, 
on the other hand, is more prevalent in Italy and Finland. Alexander et al4 
hold that L. canicola, better adapted to the dog, prevails in more developed 
countries where there is greater opportunity for contact between dog and dog, 
while L. icterohaemorrhagiae should be more frequent in less developed countries 
of predominantly agricultural economy, where there is greater opportunity for 
contact between dogs and rodents. This hypothesis is not easy to support. 
In fact, in Italy there is also a distinct predominance of L. icterohaemorrhagiae 
in dogs that live in the large cities, where contact with small rodents is less 
apt to occur. It is possible, however, that L. canicola predominates where the 
density of the canine population is higher and the contacts between the dogs 
are more frequent and easier. 

In nature the dog may also become infected with other types of leptospires, 
namely: L. grippotyphosa, L. sejroe, L. australis A, L. pomona, L. aulumnalis, 
L. bataviae, leptospires of the hebdomadis group, and with a special serotype 1so- 
lated by Van Riel” in the Congo region of Africa. However, it is not known 
whether they may become carriers of such types. J, . 

Dogs may fall ill with a serious form of leptospirosis, and their mortality, 
especially in young animals, is very high. Sometimes the leptospires provoke 
a chronic and progressive nephritis which causes the death of the animal after 
one or two years, irrespective of whether it is a leptospire carrier. 

After infection by L. canicola dogs often become carriers, less often after 
infection by L. icterohaemorrhagiae. For example, Klarenbeek” found lepto- 
spiruria in 59 per cent of dogs infected with L. canicola, and in only 26 per 
cent of those infected with L. icterohaemorrhagiae,; Yamamoto” found, respec- 
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tively, 15.9 per cent and 3.3 per cent. Tn the United States, Alexander et al. 
found 8 carriers among 92 dogs seropositive for L. canicola (8.7 per cent), but 
none among 32 that were seropositive for L. tclerohaemorrhagiae.— 

The state of carrier is maintained in dogs for a considerable time (at least 
two to six months, according to Brunner and Meyer"), as has been shown ex- 
perimentally; it never persists, however, as long as it does in rats. It should 
also be noted that the emission of leptospires with the urine occurs in a dis- 
continuous manner, so that a single negative test is not sufficient to exclude 
the possibility that a dog is a carrier. eG 

Generally, the percentage of dogs that become carriers after infection does 
not seem to be very high. Recently, it fell to my colleagues and to me to ex- 
amine a training school for Alsatian wolf dogs belonging to the police. Shortly 
before, it had been possible to verify serologically cases of illness due to L. 
canicola that had occurred among the dogs. Sera from all the animals of the 
school were examined when the acute phase of the small epidemic had already 
passed. Forty-seven dogs, almost all of the 52 dogs examined, were clearly 
seropositive for L. canicola, often with very high titers of antibodies, indicat- 
ing recent infection. Among 43 of these dogs examined, 6, or 14 per cent, 
showed the presence of L. canicola in the urine. This is a fairly high percent- 
age, but not extremely so. 

The high frequency of Lep/ospira infections in dogs contrasts with the rather 
low frequency of infections of canine origin in man. This is obviously due to 
the fact that man and his foodstuffs have less occasion to become contaminated 
with the urine of dogs than with that of the small rodents. 

Besides dogs, the jackal is also a habitual carrier of L. canicola. Van der 
Hoeden®* has attributed considerable importance to this animal in sustaining 
the epizootic of L. canicola which periodically affects cattle in the south of 
Israel. It is, however, probable that this importance is not so great. In fact, 
as Van der Hoeden himself admits,°* the almost complete extermination of the 
jackals in the region has not noticeably influenced the progress of the epizootic; 
evidently the infection also spreads from bovine to bovine and from dog to dog. 

The cat, theoretically greatly exposed to the infection because of its contact 
with mice and rats, is rarely identified as a carrier, however. In Indonesia 
cats have been found that are carriers of L. bataviae and L. javanica.” Klaren- 
beek!” has observed cats in The Netherlands that are carriers of L. canicola, 
and Gaub (unpublished data), in Alaska, found cats that carried L. hebdomadis. 

Silver foxes may also be carriers of pathogenic leptospires, whether of ZL. 
iclerohaemorrhagiae or, in the Union of Soviet Socialist Republics, of two special 
types called DVA and DVB, which the author has found to correspond respec- 
tively to L. hyos and L. pomona. It is not known whether these animals re- 
main carriers for a short or long time. In any case, their epidemiological im- 
portance for man is very limited. 

Another domestic animal that is often a carrier of pathogenic leptospires and 
a source of human cases of infection is the pig. The two types of leptospire 
that most often infect the pig are L. pomona and L. hyos. Little is known of 
the morbid manifestations due to this second type. However, it is known 
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that in young pigs L. pomona may produce an evident illness that is sometimes 
quite serious and that in the pregnant sow may produce abortion. 

Pigs remain carriers of these two types of leptospire for a long period (one 
year, according to Schmidt and Giovanella'*) and sometimes they eliminate 
enormous quantities of leptospires with the urine. Persons concerned with 
the feeding of pigs easily incur infections of leptospira. These infections 
usually evince the symptoms of the so-called aseptic meningitis, and they were 
known for a long time as “‘young swineherds’ meningitis.” 

The infected urine of the pigs, via the drains of the sty, may also pollute 
nearby water courses and ponds, thus infecting those who, by reason of their 
work or through bathing, may come into contact with such waters." °° 

An interesting example is described by Mitov, Jankov, and Savov!®? in Bul- 
garia where, in 1953, there was a serious epidemic due to L. pomona among the 
inhabitants of the Stalin (Varna) region, following a flood that had submerged 
numerous pigsties existing in the locality. 

The pig is subject to infection by numerous other types of leptospire. From 
the kidneys of pigs, Kmety, PleSko, and Chylo® have isolated L. canicola, L. 
sejroe, and L. ballum. Coghlan, Norval, and Seiler! have also isolated L. 
canicola from the urine of the pig. It is not known, however, whether the 
pig may actually become a carrier for these types, or for what length of time. 

An interesting report by Kmety ef al.* states that pig carriers may be ser- 
onegative or else may possess antibodies for a type of leptospire different from 
that eliminated with the urine. 

Leptospirosis is also a serious problem in cattle and, although it has been 
widely studied, especially in the United States, the Union of Soviet Socialist 
Republics, and Israel, there does not yet appear to be a satisfactory solution 
of it. The cattle may fall sick with leptospirosis, either in a mild form or toa 
serious or even fatal degree. A high percentage of abortion in cows is attrib- 
uted to leptospirosis, especially in the United States, where the Department of 
Agriculture has calculated that the annual financial loss caused by Leptospira 
infections in cattle has amounted to as much as $112,282 000), 2 

I do not know, nor shall I discuss, the accuracy of this figure, since it is ir- 
relevant to my subject. I emphasize merely that the serum of cattle very 
often shows an anti-Leptospira agglutinin level that is rather difficult to inter- 
pret because it generally relates to healthy animals that have not had morbid 
manifestations, even in the past. Clearly, finding anti-Leplospira antibodies 
+n a cow that has aborted does not justify one in unhesitatingly attributing 
responsibility for the abortion to the leptospire; especially when it 1s pointed 
out that the presence of leptospires in the fetus or in stillborn calves is hardly 
ever proved. In addition, the experimental infection of pregnant cattle pro- 
duces abortion much more rarely than many authors believe. 

Nevertheless, it is undoubtedly true that cattle may become ill with lepto- 
spirosis and also may remain carriers and shedders of leptospires for long peri- 
ods of time. In the United States and in Australia the type of leptospire most 
often involved is L. pomona: in Israel and in North Africa it is L. grippoly- 
phosa; and in the Soviet Union an “L. bovis” that probably corresponds to 
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L. grippotyphosa, and an L. vitulina, the systematic position of which is still 
uncertain, have been described. It may be noted that strains isolated from 
cattle in Israel appear to possess some serologic characteristics differing slightly 
from those of L. grippotyphosa, so that some authors maintain that it should 
be considered separately with the name L. bovis. In Israel, infections by L. 
canicola are also quite frequent.” . 

Cattle are able to shed leptospires in the urine only for limited periods of 
time. According to Gillespie ef al.,’ such periods average about thirty days, 
but in some cases may exceed one hundred days. Bernkopf and Olitzki°® in 
Israel, have never succeeded in finding leptospires in the urine of seropositive 
cows. It is to be noted, however, that these investigators were limited to a 
simple direct microscopical search for the spirochetes. 

The quantity of leptospires contained in the urine is very high, even greater 
than 1 million per cc.; in a case reported by Gillespie ef al.* it reached 100 mil- 
lion per cc. One can well understand how such enormous quantities of lepto- 
spires, if coming into contact with water or moist soil, may easily spread the 
contagion to both animals and man. 

Even so, it seems that L. pomona of bovine origin so rarely causes cases of 
infection in man that in the United States leptospirosis is essentially a veteri- 
nary problem, and not one of human medicine. 

The case for L. grippotyphosa is different; in fact, both in Israel and in the 
Union of Soviet Socialist Republics numerous cases of human infection con- 
tracted by direct or indirect contact with bovine carriers have occurred. The 
reason for this difference in infection has not yet been explained. 

Another still obscure problem is posed by this question: why, in the United 
States, do cattle often present agglutinins for L. sejroe, when this leptospire, 
in contrast to L. pomona, has never been isolated from them? Indeed, in 
one case, Galton ef al.!% isolated a strain of L. pomona from the urine of a 
cow that was seropositive only for L. sejroe. 

Similar observations have been made, not only in cattle but also in man, 
by Wiesmann in Switzerland. In my own researches, on the other hand, I 
have not observed that either human or bovine serum from subjects who have 
recovered from an infection by L. pomona appears able to agglutinate L. 
sejroe to any significant extent. 

Sheep and goats may also fall sick with leptospirosis, sometimes in a very 
serious form. Eighteen per cent of the mortality among lambs in New Zealand 
is due to L. pomona, according to Webster and Reynolds; as much as 44 
per cent mortality among goats in Israel, according to Van der Hoeden,! is 
due to L. grippolyphosa. In Turkey, Hakiogli! has found leptospires in the 
kidneys of sheep. 

Naturally infected sheep may void leptospires for at least nine months, ac- 
cording to Webster and Reynolds, but Van der Hoeden has not found lepto- 
spires in the urine of convalescent sheep 2 

It must therefore be admitted that in Israel sheep, in addition to transmit- 
ting the infection from one to another, contract it from cattle with which they 
come into contact or with mice that are carrying L. grippotyphosa. ° 

The horse is another animal that is very receptive to many types of lepto- 
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spire. In addition to becoming ill with the normal sort of infection due to 
leptospires, the horse is also often subject to a particular form of iridocyclitis of 
relapsing development that often leads to blindness and is called in Italian 
malattia della luna (moon-sickness). 

Horses, however, insofar as is known to date, do not seem to become true 


carriers. They may eliminate leptospires only for a short time after the in- 


fection.!% 
Pathogenic leptospires have occasionally been isolated from other animals. 


However, these have been isolated discoveries in animals that have little con- 


tact with man. To these cases, apart from any doubts as to whether they are 
true carriers, one may attribute a negligible epidemiological significance. The 
following is a list of these animals and the types of leptospire that they have 
been found to harbor: Citellus citellus (L. pomona and~L. grippotyphosa); 


 Cricetus cricetus (L. grippotyphosa); Herpestes javanicus (L. javanica); Fiber 


zibethicus (L. sejroe); Apociomus syhaticus (L. sejroe and L. “Sorex”’); Neomys 
fodiens (L. grippotyphosa) ; Castor canadensis (L. icterohaemorrhagiae); Mustela 
Rodiensis (L. hebdomadis); Ondatra sp. (L. icterohaemorrhagiae); Clethriomys 
rutilus (L. icterohaemorrhagiae); Vulpis herimani (L. hebdomadis); Nesokia 
bandicota (L. australis A, L. pyrogenes, and L. icterohaemorrhagiae) ; Myocastor 
coypus (L. icterohaemorrhagiae) and Evotomys glareolus (L. grippotyphosa). 
Our discussion of man has been left to the last. It has already been noted 
that man becomes a carrier and a source of infection only rarely. In humans, 
leptospires generally disappear from the urine within 40 days from the onset 
of the infection. However, Schueffner and Bohlander’® have found leptospires 
in the urine of 2 convalescents for 75 days; Garnier and Railly,!° 4 in 2 other 
cases, for 100 and 103 days; and Wimaers and Renoux,!” for 3 months. Fru- 
goni and Capellani'’ have described 2 cases in which healthy subjects who had 
been in contact with sick patients were eliminating leptospires with their urine. 
Finally, Manine, Cristau, and Plazy,"4 Cristau,'? and Pettit"® described 5 
cases of interhuman infection in subjects who had assisted the sick during an 
epidemic that occurred in Lorient, France, in 1917. Cases of infection by 
sexual contact that occurred in Alaska’ and one described by Doeleman” are 


also to be noted. 


The Identification of Carriers 


The simplest way in which carriers may be identified is by the examination 
of a drop of urine, or of the sediment obtained from it after high-speed centrifu- 
gation, in the dark field of the microscope. When one is dealing with ani- 
mals that may be sacrificed, one may also make microscopic preparations of a 
pulp of the renal cortex. Instead of direct examination in the dark field, 
one may resort to examination of a preparation that 1s colored by a method of 
silver staining. 

Pulp of the kidney, or the urine under examination, may also be inoculated 
into the peritoneum of guinea pigs, young chicks, or hamsters (in searching for 
L. canicola). Then the inoculated animal is kept under observation to see 
whether it may die, show signs of sickness, or produce anti-Leplospira anti- 
bodies. Better still, a blood culture may be made in a suitable medium, draw- 
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ing blood from the animal six to seven days after the inoculation. The culture 
may also be prepared with pieces of renal cortex obtained under sterile condi- 
tions. ; 

In my opinion the best method, if the animal may be sacrificed, is to carry 
out a direct culture from the kidney; if, on the other hand, the animal must be 
kept alive, then it is best to inoculate 2 to 3 cc. of urine into the peritoneum of 
a guinea pig and to carry out a blood culture after 6 days. The blood cultures 
must be examined after 7, 15, and 30 days. They should be discarded, if 
still negative, only after such a period. 

When a direct culture from the kidney is done, care must be taken to seed 
only a very small fragment of tissue in each test tube, so as to avoid introduc- 
ing into the culture any antibodies contained in such tissue, as these might 
inhibit the development of any leptospires that may be present. 

When carrying out inoculations of urine, it must be remembered that quite 
often the leptospiruria is intermittent; consequently it is necessary to draw 
further samples of the urine at different times or on different days. These 
samples must then be inoculated into the test animal immediately, as any de- 
lay might endanger the vitality of the leptospire. 

If the animal under examination voids acid urine, it is advisable, before 
drawing the sample, to feed it on an alkaline diet or to give it some sodium 
bicarbonate or citrate. 


Disinfection of the Carriers 


I do not intend to discuss here the various measures that it is expedient to 
adopt to protect subjects exposed to contagion spread by animal carriers: this 
is a topic related to prophylaxis of the disease. One thing that concerns the 
fight against animal carriers more closely is the need to distinguish the animals 
that are noxious, or at least useless and may be killed, such as small wild ro- 
dents, from the useful ones which, instead, one may attempt to disinfect. 
However, disinfection of an animal carrier is not easy to accomplish. Brun- 
ner and Meyer!’ have been particularly concerned with this topic. They have 
established the fact that, although penicillin is effective against acute infec- 
tion by leptospira in the dog, it is nevertheless incapable of disinfecting the 
animal in spite of the fact that it is found in high concentration in the urine. 

These investigators have achieved their best results with the use of strepto- 
mycin. Doses of 40 mg./kg. body weight, administered 3 to 5 days in succes- 
sion, have always succeeded in achieving the desired purpose. Aureomycin 
also gave some good results (5 to 40 mg./kg.) for 3 days. 

In any case, the problem of carrier disinfection, especially of dogs and the 
large domestic animals, is one that would be worth studying deeply. Thus 
far no such study has been undertaken. 
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LEPTOSPIROSIS: INFECTIONS IN MAN 


By Joe L. Stockard 


Department of Preventive Medicine and Rehabilitation, University of Maryland School 
of Medicine, Baltimore, Md. 


and 
Theodore E. Woodward 
Department of Medicine, University of Maryland School of Medicine, Baltimore, Md. 


Introduction. Weil is credited with having first described cases of lepto- 
spirosis in humans as early as 1886,! although Landouzy reported his own ob- 
servations in 1883. The classic disease is characterized by fever, hemorrhagic 
phenomena, hepatic, renal, and vascular decompensation, and a high fatality 
rate. In 1915, Inada? isolated the etiologic agent, a spirochete, later identified 
as a leptospire by Noguchi.’ 

Studies by various European, Australian, Japanese, Indonesian, and Ameri- 
can investigators have identified many immunologically distinct leptospires as 
pathogenic for man and a host of other animals. These specific microorganisms 
are naturally adapted to unique epidemiologic patterns, and they produce 
highly variable clinical features in animals they infect. The human mani- 
festations are variable, and it behooves physicians to recognize both the com- 
mon and the unusual clinical features, as well as the environmental hazards 
that lead to infection of man. 

The clinical manifestations of classic Weil’s disease, the milder forms of 
leptospirosis observed in a tropical environment, and the North American 
types will be described. 

Classic Weil’s disease (Leptospira icterohaemorrhagiae). Following an in- 
cubation of 4 to 19 days, the disease begins abruptly, often with a rigor as the 
first symptom. Fever develops; this continues between 102 and 104° F. for 
about 8 days and falls by lysis. The symptom complex that usually develops 
includes prostration, severe and unrelenting headache, anorexia, and myalgia. 
Muscle tenderness is a characteristic clinical feature, and arthralgia may be 
intense. Nausea, vomiting, and diarrhea are frequently present and occa- 
sionally severe. Mental confusion and delirium may occur earlier in lepto- 
spirosis than in other infectious diseases. 

Injection of bulbar and palpebral conjunctivae, a very common sign, ap- 
pears early and persists for several days. Subconjunctival hemorrhages may 
develop, but increased lacrimation is unusual. Other ocular manifestations 
during the acute stage of illness include hemorrhagic lesions of the retina, 
temporary and permanent oculomotor paresis, optic neuritis, and papilledema. 
Optic atrophy is rare. Leptospiral uveitis is a common complication noted 
from 2 weeks to 12 months following the onset. Prognosis is good for complete 
recovery of normal motor and visual functions. 

Petechial lesions of the gastric and intestinal mucosa may lead to profuse 
bleeding from the gastrointestinal tract. Cutaneous lesions may be petechiae 
or may resemble the exanthems observed in rubella or scarletina. Severe 
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peipheral vascular decompensation comparable to that observed in the rickett- 
sloses may contribute to a fatal outcome. Myocardial involvement may im- 
pair the circulatory status. Jaundice usually appears at the end of the first 
week simultaneously with defervescence. It may intensify rapidly and per- 
sist fora month or more. Deaths occur in jaundiced patients, but the intensity 
of icterus is not necessarily of prognostic significance. Hepatomegaly de- 
velops in the jaundiced, but splenomegaly is uncommon. 

Renal decompensation is characteristic of Weil’s disease. Moderate pro- 
teinuria may be noted when the illness is mild, but in seriously ill patients pro- 
teinuria is often heavy. After the first week of disease, oliguria or anuria 
may provoke severe azotemia and electrolyte imbalance of the lower nephron 
type. Fatalities often result from this serious complication. Diuresis is an 
obviously favorable omen and, fortunately, permanent renal damage is un- 
usual. 

Central nervous system signs may dominate the clinical picture. Nuchal 
rigidity can be marked. The spinal fluid pressure is sometimes elevated, while 
microscopic examination reveals a lymphocytic pleocytosis. In jaundiced 
patients the cerebrospinal fluid may be yellow. Neuritis occasionally com- 
plicates the convalescence, but usually meningeal signs subside completely. 

The peripheral blood usually reveals a leukocytosis with a preponderance of 
neutrophils. A hypochromic anemia is frequently noted. 

A death rate of approximately 30 per cent occurs in jaundiced patients who 
are severely ill. During the early stages of illness, vascular collapse or hemor- 
rhage from the gastrointestinal tract may cause death. Usually the patient 
succumbs with uremic signs during the second week of illness. The clinical 
manifestations that develop from derangement of the kidney, liver, or vascular 
system are the most vital. 

Mild cases. Milder forms of leptospirosis occur in Malaya, where this diag- 
nosis was confirmed in 244 of 852 febrile illnesses investigated in 1954 and 
1955.4 Leptospires isolated from the blood in 90 cases were subsequently 
identified. These represented 12 of the 20 serogroups recognized in the classi- 
fication proposed by Wolff and Broom." Organisms of the icterohaemorrhagiae 
and balaviae serogroups are usually responsible for severe Weil’s disease and 
were isolated from 6 and 10 cases, respectively, in this study. The remaining 
strains usually produce milder illness’ and did so in Malaya, as evidenced by 
the low mortality rate of 0.8 per cent (TABLE 1). 

The clinical manifestations presented by these patients consisted of an acute 
febrile phase lasting about eight days, and a convalescent phase of approxi- 
mately two weeks duration. Onset, abrupt in 70 per cent of cases, was often 
marked by rigor. Shortly thereafter fever, malaise, anorexia, headache, myal- 
gia, and retro-orbital pain rapidly developed (FIGURE 1). _ A 

Anorexia and nausea occurred in 96 per cent of the patients. Eighty-five 
per cent of the cases experienced emesis at least once during the febrile period, 
and many had almost continuous vomiting or retching. Mild diarrhea rarely 
occurred and, except for these few instances, bowel function was undisturbed. 
During the febrile phase, headache and retro-orbital pain were continuous. 
Intensity of these symptoms varied in proportion to fever. Subjective myalgia 
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TABLE 1 by 
PTOSPIRES OF HuMAN ORIGIN IN MALaya: 1954 AND 1959 


SEROGROUPING OF LE 


(| 
|| 


Serogroup Number of strains 
pyrogenes | 
hebdomadis : 
bataviae 
canicola 
grip potyphosa : 
autumnalis 8 
celledoni 8 
icterohaemorrhagiae 6 
schiiffnert 5 
australis A : 
javanica 2 
pomona 1 
djasiman 1 

Total 90 


CLINICAL MANIFESTATIONS OF LEPTOSPIROSIS 
(182 military patients) 


SYMPTOMS 
GASTROINTESTINAL SYMPTOMS ee 
E 
HEADACH ene 
MYALGIA 


SE EOE 
RESPIRATORY SYMPTOMS 


71% 
Bal al 
ABRU ONSE 70% 
RETROBULBAR PAIN 
55% 
PHOTOPHOBIA 
See lo 
ARTHRALGIA 
29%, 


FicureE 1. Salient subjective findings in military patients with leptospirosis. Repro- 
duced by permission from Transactions of the Association of American Physicians }8 
was generalized and most severe in the calf, abdominal, pectoral, and cervical 
muscle groups. Cough, present in half of the patients, was productive in 50 
per cent of those with this complaint. Hemoptysis occurred in 60 per cent of 
the cases with a productive cough, and was severe in two instances. A few 
patients complained of dyspnea, chest pain, coryza, and sore throat, but these 
did not constitute prominent features of the illness. Visual disturbances were 
never detected and photophobia was unusual (FIGURE 2). 

Physical signs coincided with those usually observed in leptospirosis. In- 
jection of the conjunctivae was present in 85 per cent of the cases, appearing 
within 24 hours after onset. Its intensity as graded by the physician varied 
from 1+ to 4+, the majority being graded 4+. Generalized lymphadenop- 
athy was detected in one half of the patients, but enlargement of the nodes 
was less than is ordinarily observed in infectious mononucleosis, scrub typhus, 
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CLINICAL MANIFESTATIONS OF LEPTOSPIROSIS 
(182 military patients) 


SIGNS 
CONJUNCTIVAL INJECTION 
85% 
LYMPHADENOPATHY s 
epee 45% 


MUSCLE TENDERNESS 
Gas 
ABDOMINAL TENDERNESS 
Geen ee) 
NUCHAL RIGIDITY 
RE eT 
HEMORRHAGIC SIGNS 
pes Te aT 
RASH 
SPLENOMEGALY 
Pies 
HEPATOMEGALY 
aaa 
JAUNDICE 
Ba 7% 


43% 
42% 
36% 
28% 
27% 
16% 
4% 


FicurE 2. Objective clinical manifestations of leptospirosis in military patients. Repro- 
duced by permission from Transactions of the Association of American Physicians.® 


or dengue. Objective evidence of muscular tenderness was demonstrated in 
43 per cent of the cases. This finding created difficulty in evaluating the sig- 
nificance of pain, particularly over the abdomen, costovertebral angles, and 
neck. Appendectomy was performed unnecessarily in one instance. Examina- 
tion of spinal fluid was performed in ten patients who had marked stiffness of 
the neck. Of these, six revealed lymphocytic pleocytosis ranging from 40 to 
400 cells per cu. mm. 

Hemorrhagic signs appearing from the fourth to eighth days of disease in- 
cluded the following, in decreasing order of frequency: hemoptysis, hemateme- 
sis, epistaxis, petechiae, subconjunctival hemorrhages, melena, hematuria, 
ecchymoses, and submucosal hemorrhages in the pharynx. Abnormal bleed- 
ing was observed in patients infected by all serogroups except javanica, pomona, 
and sentoti. Bleeding was severe in two patients with hemoptysis, one of 
whom died on the fourth day after onset. L. australis B was isolated from the 
fatal case. Cough and signs of pulmonary congestion prompted roentgen 
examination of the chest in forty-two cases. Abnormalities varying from 
slightly increased vascularity to small localized areas of consolidation were 
revealed on the films in eleven cases. Of these, six presented physical signs 
and roentgen evidence of pneumonia. In one instance, these findings domi- 
nated the clinical course. This patient’s blood yielded L. grippotyphosa in 
culture. Other leptospires identified with clinical findings of pneumonia were 
from the pyrogenes, canicola, and schiiffnert serogroups. 

Skin eruptions, observed in one fourth of the group, appeared between the 
fourth and eighth days of disease and persisted from a few hours to several 
days. These lesions consisted of either small macules or maculopapules and 
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were distributed over the head and neck, trunk, and upper extermities. Lesions 
resembling the rose spots identified with typhoid fever were seen in a few pa- 
tients on the upper extremities, chest, and abdomen. pt 

Splenomegaly and hepatomegaly were unusual, occurring In only 15 per cent 
of the cases. Icterus detected by inspection alone was rare. 

The total leukocyte count was usually normal, but leukocytosis and leuko- 
penia did occur. Neutrophilia was noted in 80 per cent of the patients during 
the febrile period. 

Qualitative proteinuria, casts, and increased cellular elements were demon- 
strated at some time during the febrile phase in 80 per cent of leptospirosis 
patients. Oliguria and mild azotemia developed in only 27 cases. It never 
persisted longer than 3 days. 

Liver function was evaluated serially by means of the van den Bergh reac- 
tion, total and fractional protein determination, and Kunkel’s flocculation test. 
Liver function, as evaluated by these tests, was disturbed in two thirds of the 
patients. Elevations of total bilirubin values appeared early and rapidly re- 
turned to normal with defervescence. Abnormalities in the albumin-globulin 
ratios and Kunkel’s test developed at the beginning of convalescence and per- 
sisted for at least 2 weeks. Clinically overt jaundice was observed in only 11 
patients, 2 of whom died. Leptospires isolated from the 2 fatal cases were 
identified subsequently as L. bataviae and L. australis B. Icterus was also 
observed in patients infected by organisms in the hebdomadis, canicola, schiiff- 
nert, and icterohaemorrhagiae serogroups. 

Defervescence, usually by rapid lysis, marked the beginning of convalescence. 
All symptoms and signs promptly subsided, urinary findings returned to nor- 
mal, and icterus, if present, gradually cleared. A few patients experienced a 
relapse characterized by a return of fever, symptoms, physical signs, and pro- 
teinuria for two or three days during the second and third weeks after onset of 
the acute illness. Convalescence was complicated once by thrombophlebitis 
and another time by unilateral atrophy of the quadriceps muscles. One 
man suffered two attacks of leptospirosis separated by four months. On these 
occasions cultures of blood yielded L. schiiffneri and L. bataviae, respectively. 

With these exceptions, recovery was uncomplicated, and patients resumed 
their normal activities in three to four weeks. 

North American leptospiral types. Small localized outbreaks and sporadic 
cases of human leptospirosis occur in the United States. The serogroups 
heretofore reported include icterohaemorrhagiae, canicola, pomona,®:? bataviae,s 
and autumnalis.® 

In the United States, as elsewhere, L. icterohaemorrhagiae produces illness of 
variable severity. Leptospires of the bataviae serogroup provoke clinical mani- 
festations comparable to classic Weil’s disease.® L. canicola produces slightly 
different clinical findings, since jaundice seldom occurs and an aseptic-type 
meningitis 1s common.'® In other respects canicola fever resembles Weil’s 
disease. 

The leptospire L. pomona, which is responsible for swineherd’s disease, was 
isolated in Pomona, Australia, by Derrick" in 1942. The disorder is usually 
mild with a febrile course of from five to seven days. Hemorrhagic manifes- 
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tations, cardiovascular, renal, and hepatic decompensation rarely occur. A 
high incidence of aseptic-type meningitis is characteristic in patients with 
swineherd’s disease. In Alabama, Schaeffer! has reported the clinical fea- 
tures observed in 26 of 50 patients who contracted L. pomona infection while 
swimming in a creek. After an incubation period of 2 to 10 days, the illness 


was characterized by chills and fever, headache, nausea and vomiting, myalgia, 


and meningismus. Some had conjunctival injection and photophobia. Diar- 
rhea, abdominal pain, and transient maculopapular eruptions were present in 
a few cases. Lymphocytic pleocytosis and slight elevations of spinal fluid 
pressures were found in 6 patients who showed signs of meningitis. After an 
illness of 5 to 14 days, all recovered uneventfully except for a few who experi- 
enced a brief uncomplicated relapse. 

Beeson and Hankey," in the United States, and Broom," in England, have 
incriminated leptospirosis as a cause of benign serous-type meningitis. Bee- 
son demonstrated significant rises in titers of leptospiral antibodies in 4 per cent 
of 535 paired sera obtained from patients with meningitis of unknown etiology. 
Therefore, leptospirosis should be considered as a diagnostic possibility along 
with lymphocytic choriomeningitis, mumps, herpes, poliomyelitis, and Cox- 
sackie and ECHO viruses, as well as the various neurotropic encephalitides. 

L. autumnalis was isolated first in Japan where the clinical illness was recog- 
nized as a mild febrile disorder of seven days’ duration occurring in harvesters 
during the autumn months.’ Icterus, ocular complications, and death occurred 
rarely. 

In 1943, an illness resembling dengue appeared in soldiers at Fort Bragg, 
N. C. and was described by Daniels and Grennan.'? The cardinal features 
consisted of a short febrile period, moderate prostration, splenomegaly, and a 
rash on the anterior aspects of the tibia. After extensive studies by numerous 
investigators, Tatlock'® adapted the agent, thought to be a virus, to several 
laboratory animals and to fertile hens’ eggs. The filtrable agent reproduced 
the characteristic manifestations in volunteers. In 1951, Gochenour® identi- 
fied the etiologic agent as a leptospire immunogenically similar to those of the 
autumnalis serogroup. 

Stroup and Riley” recently reported the occurrence of maculopapular lesions 
over the pretibial area in two siblings presumably infected by L. pomona. 
Each patient became ill eight days after swimming in a stagnant pond where 
pigs watered. The onset was marked by fever, anorexia, and malaise; head- 
ache, lethargy, and vomiting appeared within two days. Examination on the 
third day of disease revealed mild muscular tenderness and nuchal rigidity. 
Proteinuria, microscopic hematuria, and mononuclear pleocy tosis were also 
demonstrated. On the fifth day of disease conjunctival injection was noted, 
and maculopapular lesions resembling erythema nodosum appeared over the 
pretibial area. After forty-eight hours the eruption faded completely. Both 
patients recovered uneventfully after a total illness of about one week. 

Cultures for leptospires were negative. Paired sera from both patients were 
examined at the Walter Reed Army Institute of Research, Washington, D. C. 
They revealed a marked rise in agglutination-lysis antibody titers for L. po- 
mona. Elevated titers for L. icterohaemorrhagiae and L. autumnalis were in- 
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terpreted by Gochenour to represent nonspecific cross-immunological reactions. 
Serum from another sibling, who was exposed to the same stagnant pond, 
revealed antibody titers of 1:100 for L. pomona, L. icterohaemorrhagiae, and 
L. sentott. “ 

Summary and conclusion. The clinical features of human leptospirosis vary 
considerably, causing illnesses as severe as fulminant hepatitis and as mild as 
influenza. The classic manifestations that suggest the diagnosis of Weil’s 
disease are fever, severe prostration, icterus, renal decompensation, hemor- 
rhagic phenomena, and vascular collapse. Milder forms of leptospirosis are 
more difficult to recognize, but a leptospiral etiology should be considered in any 
febrile patient when severe headache, vomiting, myalgia, conjunctival injec- 
tion, proteinuria, and neutrophilia are noted. Leptospirosis is to be suspected 
further whenever there is a history of exposure to those environmental condi- 
tions that favor infection. 
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LABORATORY DIAGNOSIS OF LEPTOSPIROSIS 


By William S. Gochenour, Jr., Chester A. Gleiser, and Martha K. Ward 
United States Army Medical Unit, Fort Detrick, Md. 


The past decade has seen an increasing awareness of the prevalence of 
leptospirosis in man, in his domestic animals, and in wildlife in the United 
States. The public health and livestock sanitary problems posed by these 
infections and their economic significance to the livestock industry are being 
increasingly appreciated. This has resulted in an ever-growing demand for 
diagnostic laboratory support in clinical diagnosis, epidemiological investiga- 
tion, and research. It is the purpose of this paper to review and to evaluate 
the methods currently available to the leptospiral diagnostic laboratory. 

It is perhaps belaboring the obvious to state that to meet the clinician’s 
requirements adequately, the laboratory methods employed must be specific 
for leptospirosis and reproducible from time to time and in any taboratory, 
and must unequivocally confirm or negate the clinical impression of leptospirosis 
within a reasonable period of time. Retrospective diagnostic confirmation 
may well interest the epidemiologist, but it is of limited value to the clinician. 
From the practical standpoint, methods for widespread adoption must not 
be unduly expensive, laborious, or hazardous. Furthermore, they must be 
within the capabilities of all competent medical laboratory technicians. 

Before discussing laboratory methods and techniques, it appears appropriate 
to review certain characteristics of leptospires and of leptospiral infections 
in man and in animals that are pertinent to the selection of specimens sub- 
mitted for examination, their collection and handling, and the choice of the 
laboratory methods to be employed. 

The pathogenic leptospires are fastidious organisms in their environmental 
and nutritional requirements. They are markedly susceptible to low pH, to 
the common disinfectants and antiseptics, to drying, and to ordinary pas- 
teurization temperatures. Jn vitro they are sensitive to most antibiotics 
and are readily overgrown and destroyed by bacterial contaminants in culture 
media. In a neutral or slightly alkaline environment, however, they may sur- 
vive for many months at ordinary temperatures, and they have withstood 
freezing for protracted periods. 

In man and in animals, leptospiremia is associated with the initial febrile 
period of disease. At this same time, leptospires may often be demonstrated 
in the cerebrospinal fluid. Leptospires are rarely demonstrable in the blood 
after the abatement of fever and the appearance of detectable circulating 
antibodies, usually in the second week of illness. However, they may be found 
for varying periods in the urine, in the kidney tubules and, on occasion, in 
the anterior chamber of the eye. 

Laboratory confirmation of the diagnosis of leptospirosis may be made by 


microscopic visualization of the organisms in appropriate body fluids, by 


histological demonstration of leptospires and their accompanying pathological 
changes in affected organs, by isolation of the organisms by direct culture or 
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by animal inoculation, or by demonstration of a significant rise In peo 
antibody through the examination of acute and convalescent sera. ese 
methods will be considered in terms of the requirements mentioned above. 

Microscopic demonstration of leptospires in blood, cerebrospinal fluid, or 
urine by dark-ground or phase-contrast illumination affords the theoretical 
advantages of rapidity, simplicity, and economy. In practice, the low con- 
centration of leptospires in these fluids affords small chance of their demonstra- 
tion. : : 

Further, the ease with which artifacts such as protoplasmic extrusions from 
formed blood elements and fibrin tendrils moving by Brownian motion may be 
mistaken for leptospires severely limits the usefulness of the method. Excep- 
tions are the urine of swine and of rodent carriers, which are often SO heavily 
populated as to resemble well-grown cultures. With these exceptions, we 
feel that microscopic examination of blood and other body fluids is worthless 
as a diagnostic laboratory procedure, and we consider suspect any diagnoses 
resting solely on this method for confirmation. a oe 

Histological demonstration of leptospires in the affected organs of individuals 
succumbing to the disease may be accomplished by the employment of silver- 
impregnation techniques. The technique of choice at the Armed Forces 
Institute of Pathology, Washington, D. C., is a modified Warthin-Starry 
staining method.' In arriving at a histopathological diagnosis of acute lepto- 
spirosis, the pathologist must consider that leptospires unrelated to acute 
disease in an individual may be harbored in the kidney tubules. This coin- 
cidental carrier state should not be imputed to have etiological significance 
in the case of disease under study. Rather, diagnosis must rest on both dem- 
onstration of leptospires and compatible and significant pathological changes. 
A case in point was the first recognition of porcine leptospirosis in the United 
States.?, While leptospires were recovered and many of the swine involved 
had evidence of leptospiral infection, the fulminating and fatal disease seen 
in the herd was properly attributable to hog cholera and salmonellosis. The 
leptospiral infection was coincidental and most probably pre-existing. 

A wide variety of laboratory animals has been employed in the isolation 
of leptospires. These include, in addition to the guinea pig, the golden ham- 
ster,® the Swiss white mouse,’ the Meriones,® the baby chick,® and the em- 
bryonated hen’s egg.’ With the exception of the latter, these animals were 
originally advocated because of their susceptibility to lethal infection by one 
or more leptospiral serotypes. Recognition of increasing numbers of “benign” 
leptospiral serotypes that produce little or no detectable clinical disease in 
these animals has resulted in their present use largely as accelerated living 
incubators and as filters for contaminated materials. Animals are inoculated 
intraperitoneally with relatively large quantities of the specimen (1 to 5 mi.) 
and peritoneal fluid, heart blood, or both are examined for the presence of 
leptospires microscopically and culturally every day for the first 4 to 6 days 
postinoculation. The principal advantages of the inoculation of laboratory 
animals are that materials unsuited for direct cultural examination may be 
used, that large volumes of a specimen may be inoculated into a single animal, 
and that, frequently, leptospires may multiply so rapidly in the living host 
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as to be microscopically demonstrable within a few days after inoculation. 
Chief among the disadvantages are the costs in laboratory space and personnel, 
and the hazards and laboriousness of the methods. One additional caution 
should be noted. Many of the Swiss white mouse colonies of the United States 
are infected with Leptospira ballum. This has caused delay and confusion 
in the investigation of the etiology of other diseases, and must be excluded 
in instances where only animal isolation of leptospires has proved successful. 

Direct culture of patient’s blood in the early febrile stage of disease has 
been employed for more than thirty years. A number of media have been 
developed for the isolation and maintenance in vitro of these organisms. In 
our experience, Fletcher’s semisolid medium,’ Schiiffner’s modification of 
Verwoort’s medium,® and Korthoff’s medium® have been quite satisfactory. 
Blood cultures have been made in the field and at the bedside by inoculation 
of bottles of medium closed with rubber-skirted diaphragm stoppers at the 
time of venipuncture and in the laboratory from glass-bead defibrinated blood. 
Both methods were equally efficacious in yielding positive cultures. One 
point of technique warrants special consideration. In our experience it was 
essential to use minimal inocula (approximately 0.03 ml. per culture tube or 
bottle) and to inoculate replicate tubes if positive cultures were to be obtained. 
Larger quantities of the same specimens yielded negative results. We at- 
tribute this to the presence of inhibitors in the specimen which, if not diluted 
sufficiently, prevented leptospiral multiplication. That these inhibitors may 
be specific antibodies is suggested by the successful isolation of leptospires 
with this technique in 12 instances*: * from blood specimens having a serum 
leptospiral agglutinating titer of 1:100 or greater. 

As leptospires grow slowly in vitro, it was necessary to incubate cultures 
for a minimum of twenty-eight days before they could safely be discarded as 
negative. Of those positive, leptospires were demonstrable in one third by 
the seventh day of incubation, in one half by the fourteenth day, and in the 
remainder at the twenty-eighth day. The use of the semisolid medium greatly 
facilitated the periodic examinations required, as these cultures could be 
examined macroscopically for the characteristic disk of leptospiral growth 
approximately 2 cm. below the surface of the medium, obviating in many 
instances tedious dark-ground microscopic examination. — 

In our experience, the sole disadvantage of direct culture tor He demonstra- 
tion of leptospires is its unsuitability for the examination of bacterially 
contaminated specimens. With suitable specimens, however, our much greater 
success with direct culture than with animal inoculation in the isolation of 
leptospires from patient’s blood leads us to agree with Fletcher’? that, for 
this purpose, the use of laboratory animals offers no advantages over direct 
culture, but merely adds to the burden of the diagnostic laboratory. 

Serologic confirmation of the diagnosis of leptospirosis rests upon demonstra- 
tion of a significant (at least fourfold) rise in specific antibody in the examina- 
tion of acute and convalescent sera. While the presence of antibody reflects 
experience of the host with leptospires, no single serologic positive finding, 
regardless of the titer observed, is adequate to substantiate unequivocally a 
diagnosis of acute leptospirosis. This 1s particularly true of agglutinating 
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antibodies, which may remain at high levels for many months following in- 
fection. 7 aes 

The serologic tests employed in the laboratory diagnosis of leptospirosis 
include microscopic and macroscopic agglutination tests with living or dead 
leptospiral antigens, complement fixation tests employing intact leptospires, 
sonically disrupted leptospires or leptospiral extracts or metabolites as an- 
tigens, hemagglutination tests using erythrocyte sensitizing substance (ESS), 
and hemolytic tests using an antigen similar to the latter. ; 

The agglutination-lysis test of Schiiffmer and Mochtar,'! one of the earliest 
leptospiral serologic tests, has been and is today the most widely used, and it 
is the serologic method against which all others have been evaluated. This 
is a microscopic agglutination test in which living leptospires are employed 
as antigens. As are all of the leptospiral agglutination tests, it is highly 
serogroup specific. This requires the employment of an adequate battery 
of antigens if antibody against an unknown leptospire is to be detected. This 
battery may range from as many as two dozen antigens in a reference laboratory 
examining sera from the entire world to as few as eight in a diagnostic labora- 
tory concerned only with specimens derived from man in the United States. In 
addition to the above, the hazard attendant on using living antigens, the 
laboriousness of the method, and the problems of standardizing antigen sensi- 
tivity” are seriously limiting factors. Further, grossly contaminated sera 
and those containing high concentrations of preservative cannot be examined. 

The microscopic agglutination test employing killed antigens has been 
used extensively in this country and abroad. The use of killed antigen elimi- 
nates the hazards attendant on the agglutination-lysis test, and also permits 
the examination of sera too heavily contaminated to be examined by this 
technique. When killed antigens are properly standardized and are periodi- 
cally checked for sensitivity and absence of autoagglutination, their use yields 
results essentially identical with those obtained with living antigens. In 
collaborative studies we have examined aliquots of the same sera in the Special 
Bacteriology Laboratories, Communicable Disease Center, Chamblee, Ga., and 
in the Division of Veterinary Medicine, Army Medical Service Graduate School 
(now Walter Reed Army Institute of Research), Walter Reed Army Medical 
Center, Washington, D. C. These studies, reported in part by Ward et al.,° 
illustrate the virtual identity of results obtained by use of these two methods. 
It should be noted, however, that there are minor differences in interserogroup 
cross reactions observed with living and with killed antigens, and that any 
selection of the test battery of diagnostic antigens to be employed should take 
this factor into consideration. 

Macroscopic plate agglutinating antigens thus far developed have not yet 
been adequately evaluated to determine whether the shortcomings of lack of 
sensitivity, lack of stability, and difficulty of interpretation that characterized 
earlier macroscopic agglutinating antigens have been overcome. 

The capillary tube agglutination test of Stoenner has recently been evaluated 
in a collaborative study with the Division of Veterinary Medicine, Walter 
Reed Army Institute of Research (WRAIR)." In Stoenner’s laboratory excel- 
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lent correlation with this test was obtained with the live antigen microscopic 
agglutination test performed in the Division of Veterinary Medicine. 

While the above-mentioned tests are highly serogroup specific, one very 
important fact must be noted. Paraspecific responses or cross reactions 
with heterologous serogroups frequently may be observed at levels higher than 
those of the homologous organism. Particularly notorious in this regard are 
instances of proved Leptospira icterohaemorrhagiae infection, wherein antibody 
levels against L. canicola often exceed those against the homologous leptospire. 
Thus, while valuable presumptive evidence of the identity of a leptospire 
may be afforded by the host response elicited following infection, definitive 
establishment of its identity can be effected only by its isolation and char- 
acterization. In this connection, the Division of Veterinary Medicine, WRAIR 
has been designated by the World Health Organization of the United Nations, 
with the concurrence of the Surgeon General, United States Public Health 
Service, and the Surgeon General, United States Army, as the Leptospiral 
Reference Laboratory for North America. Definitive identification of lepto- 
spiral strains can be made by this laboratory. It is strongly recommended 
that isolates made from man and animals be sent to it for identification and 
characterization. 

The complement fixation test of Randall, Wetmore, and Warner,'* employ- 
ing sonically disrupted leptospires as antigens, is the oldest of the genus- 
specific serologic tests. It has been used extensively in the laboratories of 
the Division of Veterinary Medicine, WRAIR, the United States Army Tropi- 
cal Research Medical Laboratory, San Juan, Puerto Rico, and in the field 
laboratory in Kuala Lampur, Malaya. In these laboratories, excellent results 
were obtained’: '* in the diagnosis of human leptospirosis. Results in the 
examination of animal sera have been disappointing, and further study of 
the factors responsible is indicated. The advantages of this test are its sim- 
plicity of performance and the requirement for employment of only a limited 
number of antigens in the test battery. Its major disadvantage, in addition 
to that noted above, is that, being genus specific, it affords no information 
as to the presumptive identity of the infecting leptospire. 

The hemagglutination test of Chang!® employing erythrocyte-sensitizing 
substances (ESS) and the hemolytic test of Cox!’ are both genus specific. In 
the evaluation study previously mentioned,” good correlation with the micro- 
scopic live antigen agglutination test was obtained in the examination of 
human sera. Both tests, however, gave disappointing results in the examina- 
tion of animal sera. Results of continued evaluation studies of the hemolytic 
test! would indicate that it is as efficacious in the laboratory diagnosis of 
human leptospirosis as is the microscopic live antigen agglutination test. Its 
advantages of simplicity, requiring but a single antigen, and of freedom from 
hazard recommended it to the laboratory concerned with diagnosis of human 
leptospirosis per se, or as a screening procedure to be employed prior to ex- 
amination of sera with either living or killed microscopic agglutinating antigens. 

In summary, we feel that laboratory diagnosis of leptospirosis is now within 
the capabilities of any public health, livestock, sanitary, or hospital laboratory. 
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We feel that the success attainable by direct cultural examination of blood 
in the early febrile period of disease warrants inclusion of this procedure in 
laboratory studies of febrile illness of undetermined origin. At this time, 
serologic confirmation of the diagnosis of leptospirosis may best be made by 
microscopic agglutination, employing living or killed antigens. When antigens 
are available, the hemolytic test of Cox may well supplement the agglutination 
tests or supplant them in small hospital laboratories. 


Existing knowledge of leptospiral antigen-antibody reactions does not 


encourage hope of reducing significantly the time required for serologic con- 
firmation of the diagnosis of leptospirosis. More promise lies in the develop- 
ment of methods for the earlier demonstration of leptospires. 
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EPIDEMIOLOGICAL PATTERNS OF LEPTOSPIROSIS 


By Mildred M. Galton, Robert W. Menges, and James H. Steele 


Communicable Disease Center, Public Health Service, Atlanta, Ga. 


Introduction 


For many years the leptospiroses were considered rare diseases, but it is now 
well established that they occur in humans and animals throughout the world, 
and that they constitute a major problem in certain domestic animals.'® 
More than forty years of extensive research has gradually unraveled a char- 
acteristic epidemiological pattern. For clear understanding of this pattern 
complete epizootiological data are essential. An adequate knowledge of the 
distribution of leptospires in potential wild and domestic animal carriers and 
the factors that influence the role of these carriers in the transmission of lepto- 
spiral infections to humans is of particular importance. As pointed out by 
Van der Hoeden,’ the lack of sufficient information may result in misinter- 
pretation of facts, but further knowledge will clarify the original picture. 

The leptospiral infections are zoonoses; that is, diseases transmissible from 
animal to animal and from animals to humans.’ Infection in humans is 
accidental and, with rare exceptions, it represents a dead end in the chain 
of transmission.° 

Although rodents and certain domestic animals are considered to be the 
primary animal carriers, recent investigations have revealed a variety of 
hitherto unrecognized wild mammal hosts,’”" and current studies are detect- 
ing additional sylvatic leptospiral carriers. Some of the reported isolations 
of different leptospiral serotypes and their hosts are presented in TABLE 1. 
In the kidneys of these host animals the leptospires display an affinity for 
the renal cortex and may be found nesting in the lumina of the convoluted 
tubules. They may be shed in the urine for long periods. Each leptospiral 
serotype is believed usually to have a primary animal host for which it is 
particularly adapted; however, these serotypes will infect other animals as 
well. Furthermore, a single animal species may become infected with a number 
of different serotypes or even harbor two types at once.4 


Leplospiral Serotypes Known to Occur in Humans or Animals in the United States 


As research has progressed in centers located in widely separated areas of 
the world, the number of antigenically distinct serotypes of the genus Leplo- 
spira found to cause leptospirosis has increased. With this increase in rec- 
ognized serotypes and the detection of an even broader host range, the ep- 
demiology of the disease has become more involved. In 1954, Wolff and 
Broom!’ published a suggested classification system based on serologic analysis 
that included 34 leptospiral serotypes isolated from man and/or animals. 
During the relatively short period since this report appeared, at least 25 ad- 
ditional serotypes have been described in Australia,!*: 17 Africa,'* Europe,” 
Malaya," and the United States.” 

Although the primary problem in the United States appears to be with 
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_L. icterohaemorrhagiae, L. canicola, and L. pomona, seven other serotypes have 
/been isolated, and serologic findings suggest the presence of at least two others. 
L. autumnalis was identified, after an eight-year period, as the cause of Fort 
Bragg fever! L. ballwm has been found frequently in rural house mice and 
sopossums and, occasionally, in rats and laboratory mice.”: ** Serologic 
-evidence has suggested the presence of L. bataviae infection in humans,” 
_L. grippotyphosa in humans” and cattle,?* and L. sejroe infection in cattle.?>: *” 
Recent cultural studies! done at the Field Station of the Communicable 
Disease Center, (CDC) Newton, Ga., on wild mammals trapped in southwest 
Georgia have yielded a variety of leptospiral serotypes in animals hitherto 
unknown as hosts, including raccoons, skunks, and wildcats. In addition, 
isolations have been obtained from opossums and foxes. 
During a 6-month period ending in March 1956,!° 820 mammals including 
14 species were trapped in different areas of 6 southwest Georgia counties, 
-and suspensions of the kidneys were cultured. Leptospires were isolated 
from 44 (5.4 percent). Of these, 16 proved to be L. ballum, 14 were L. pomona, 
2 were L. australis A, 2 were L. grippotyphosa, 2 proved to be a new serotype 
of the mitis-hyos serogroup tentatively designated as L. bakeri,° and 2 belonged 
to the hebdomadis serogroup. Two additional cultures were found to belong 
to the mitis-hyos group, but are not identical with L. mitis, L. hyos, or L. 
bakeri. Of the 4 remaining, 2 were lost prior to serotyping, and the identifica- 


tion of 2 has not been completed. In this series, opossums, raccoons, striped 


skunks, foxes, and wildcats were found to harbor 1 or more of these leptospiral 
serotypes. These 5 species represented 79 per cent of the individuals examined. 
None of the infected animals showed any clinical signs of leptospirosis, and 
no gross kidney lesions were observed. Only 4 of the 44 infected animals 
were determined to be less than 1 year old. 

The highest incidence of infection appeared in striped skunks, with isola- 
tions from 18 (14 per cent) of 132 animals. It is notable that 11 (61 per cent) 
of these cultures proved to be L. pomona. The areas studied represented 3 
groups of predominant vegetative cover: pine, pine and hardwoods, and pas- 
tures and cultivated fields. There was no great difference among the vegeta- 
tive types in incidence of infection of the animals cultured. Continuation 


of these studies at the Newton Field Station has yielded 7 isolations of L. 
autumnalis from raccoons trapped within a 2-mile area.’ The striped skunk, 
opossum, and raccoon continue to show the highest incidence of infection, 
although occasional isolations have been obtained from the spotted skunk, 
the gray fox, and the wildcat. 

Although comparatively little attention has been directed toward the study 
of wild mammals elsewhere in the United States, Roth’? recently isolated L. 
pomona from an opossum in Louisiana, and Reilly” reported serologic evidence 
that suggested L. canicola infection in raccoons in the state of New York. 

Current information regarding the occurrence of leptospiral serotypes 1n 


the United States is summarized in TABLE 2. 
* Recently 1 proved human case and 3 probable cases of leptospirosis caused by L. ballum 


contracted from Swiss albino mice have been found at the Rocky Mountain Laboratory, 
Hamilton, Mont.’ 
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TABLE 2 
LEPTOSPIRAE IN THE UNITED STATES 


Occurence 
Original Known host 
seit ee Man Dogs Cattle Swine 
L. icterohaemor- jee Rat oe ee 2 ? ? 
hagiae ermany 
Teun ae The Nether-| Dog, cattle | Occa- | Com- Rare Rare 
lands sional, mon wet 
L. pomona Australia Swine, skunk, rac- | Occa- Rare Com- Com- 
coon, wildcat, | — sional mon mon 
opossum 
L. autumnalis Japan Opossum, raccoon | Rare r ? 
L. ballum Denmark Mice, gray fox, ? ? ? 
opossum, wild- 
cat, rat, tfac- 
coon, striped 
skunk 
L. grippotyphosa | Russia Raccoon Rare* ? Rare* ? 
L. bataviae Indonesia ry | Rare* | ? ? ? 
L. sejroe Denmark ? ? ? Spo-_ rf 
radic* 
Hebodomadis sero-| United Opossum, raccoon ? ? ? ? 
group (LT 117) States 
L. australis A Australia Raccoon, opossum fe ? ? ? 
L. bakerit United Opossum re ? ? ? 
States | 
Mitis-hyos sero- | United Opossum, raccoon | ? ? ? ? 
group (LT 81) States | 
* Serologic evidence only. 
+ Mitis-hyos serogroup. 
Transmission 


Of primary importance in the transmission of leptospiral infection to humans 
are the animal carriers that become urinary shedders of leptospires. A dia- 
gram illustrating the current pattern of the transmission of leptospirosis in 
the United States is presented in FIGURE 1. 

After acute, mild or, more frequently, inapparent infection, the organisms 
become established in the kidney and are eliminated in the urine.! Infections 
of humans and animals result from direct or indirect contact with the infected 
urine of these shedders. For example, direct contact may occur when in- 
dividuals care for sick animals or handle the tissues of infected animals in 
abattoirs. Indirect contact occurs when water or moist soil is contaminated 
and individuals are subsequently exposed while working, or swimming, or 
otherwise come in contact with the contaminated environment.S 

Arthropod vectors have not been incriminated as yet in the transmission 
of leptospirosis in nature.’* However, Schlossberger and Langbein®* were 
able to infect the tick, Ornithodoros moubata, by feeding it on guinea pigs 
infected with L. iclerohaemorrhagiae. Transmission to normal guinea pigs 
was effected when the ticks were fed 31 days after infection. These observa- 
tions were confirmed by Burgdorfer and Pickens.** Later Burgdorfer*®: %6 
found that Ornithodoros turicata and another tick, Dermacentor andersonii, 
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Swine 
Ficure 1. The epidemiology of leptospirosis in the United States. This chart was modi- 
fied by G. W. Fischer from Byrne.” Reproduced by permission from the December 1955 
issue of Public Health Reports, official journal of the Public Health Service, United States 
Department of Health, Education, and Welfare. 


became infected after engorgement upon L. pomona-infected hamsters, and 
transmitted the disease to normal animals. More recently, L. grippotyphosa 
was isolated from the European tick, Dermacentor marginatus S, from cattle in 
the Union of Soviet Socialist Republics.” Isolated cases of leptospirosis had 
occurred among farm animals in the area where the ticks were collected. Thus, 
the detection of natural infection increases the possibility that arthropods are 
vectors. 

While leptospires may be shed in milk during the acute phase of the disease 
in lactating animals,** Kirschner” found that the organisms survive only a few 
hours in whole milk that is leptospirocidal. In milk diluted 1:20 or higher 
with neutral water they survive a number of days.4® There have been no 
proved cases of leptospirosis that could be traced to drinking infected milk. 

The portals of entry of infection are usually the nasal, oral, and conjunctival 
mucous membranes and abraded skin. There is considerable doubt that 
leptospires penetrate the intact skin, and it is unlikely that the digestive tract 
is an important portal of entry, since the pH of the stomach is usually such 
that the organism may be destroyed quickly. 

Environments that favor the survival and spread of leptospires are wet 
soil, stagnant water, or slow-moving streams that are neutral or slightly 
akaline when temperatures are 22° C. or above. Under such conditions lepto- 


spires may survive for several weeks.) 
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TABLE 3 
* 
REPORTED OUTBREAKS OF LEPTOSPIROSIS IN THE UNITED STATES 


Date of onset Location Nog Age range Probable source penile 
1 0 Wrens, Ga. 35 Avg. 16 Cattle L. pomonat ; 
ne ae Fort Bragg, N. C. | 40/yr. | Young adults ? L. autumnalis 
ust, 1942 to (soldiers) 

a D L. canicolat 
August 1942 Jackson Hole, Wyo.| 24 15 to 19 ogs DON Ge é 
August 1947 Calvary, Ga. 10 13 to 24 Dead mule i 

in creek 
August 1949 Swainsboro, Ga. 12 | Young adults Cattle L. pomonat 
July 1950 Geneva, Ala. 50 Adolescent and | Swine L. pomonat 
young adults ; 
July 1952 Columbus, Ga. 26 5 to 20 and | Swine, dogs, L. canicola 
: 2 adults cattle 


* With the possible exception of the outbreak at Fort Bragg, all outbreaks were attributed 
to swimming in contaminated water. 
t Serologic evidence only. 


Outbreaks and Sporadic Cases of Leptospirosis in Humans in the United States 


It is not surprising that large outbreaks may occur after group swimming 
in contaminated water. Several such outbreaks have been reported in the 
United States, as shown in TABLE 3. The first of these occurred in August 
1940 near Wrens, Ga.,**: 4 and involved 35 patients who had been swimming 
in Brushy Creek. Clinical signs included fever, nausea, vomiting, headache, 
some diarrhea, and a rash on the pretibial areas of the legs. It was found 
that approximately 100 yards upstream from the swimming area offal from 
slaughtered cattle had been dumped by the local butchers. This unusual 
disease was given the name of Brushy Creek or pretibial fever. A similar 
outbreak of pretibial fever occurred among troops at Fort Bragg in August 
1942, and again in the summers of 1943 and 1944,%!, 47-49 

All patients involved in the outbreaks were quartered in the same area of 
the post. Many, but not all, had been swimming in the nearby ponds, so 
the source of their infection remains obscure. Not until 1950 was Fort Bragg 
fever proved to be a leptospiral infection caused by a member of the L. autum- 
nalis group."' After this discovery, McCroan reinvestigated the Brushy Creek 
outbreak and 2 other similar undiagnosed epidemics that had occurred in 
Georgia, one* in the late summer of 1947 near Calvary“ and the other during 
the same season in 1949 on the Ohoopee River, near Swainsboro.*® Antibodies 
to L. pomona were demonstrated in serum samples collected at the time of the 
outbreak and during the subsequent investigation in 1953 from several patients 
involved in the Brushy Creek and Ohoopee River outbreaks. 

A follow-up investigation in 1953 of another epidemic of an unknown disease 
that had occurred in August 1942 in two small communities in Wyoming and 
Idaho revealed serologic evidence of leptospiral etiology.*° Here again, all 


* Investigated by Elmer Hill 


and John E. McCroan of the Georgia State Health Depart- 
ment, Atlanta, Ga. 
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ersons affected had been swimming in the same pool, located at Jackson Hole, 
Vyo., to which dogs and other animals had access. : 

In late July 1950 an outbreak occurred in Geneva, Ala." involving about 
0 persons who became ill with an influenzalike disease after swimming in a 
sreek in which dead swine had been seen floating above the swimming hole. 
serologic evidence indicated that L. pomona was the cause. . 

When in late July 1952 an outbreak of illness occurred in a small community 
ear Columbus Ga., involving 26 persons who had been swimming in a dammed- 
»p creek, leptospirosis was suspected immediately. The subsequent in- 
-estigation of this outbreak, including laboratory studies, presented an excel- 
ent picture of many of the principles involved in leptospiral epidemiology. 
_. canicola infections, thought for many years to be limited to dogs and man, 
-vere demonstrated in swine, cattle, and dogs that had access to the creek. 
P\ll persons who became ill had been swimming in the creek. The data showed 
1 significant correlation between attack rates and the frequency and extent 
»f exposure to the water. Attack rates were consistently higher among those 
eiving a history of diving and immersing their heads. 

- With the possible exception of the Fort Bragg outbreaks, each of these 
pwater-borne leptospiral epidemics followed a similar pattern. They occurred 
n the late summer during drought periods; there was presumed contamination 
yf a stagnant pond or slow-moving creek by urine from infected animals and 
‘transmission to humans by immersion in the contaminated water. Such 
water-borne outbreaks following swimming or accidental immersion have 
een reported in many other areas of the world.§: **° 

Of even greater importance in the epidemiology of leptospiral infections are 
the opportunities for exposure encountered by workers in certain occupations, 
particularly abattoir workers, cane- and rice-field workers, dairy farmers, 
animal husbandrymen, veterinarians, sewer workers, and trench diggers. For 
-example, in Italy, Spain, the Far East, and Pacific regions where the rice fields 
are flooded and worked by barefoot laborers, leptospirosis is an important 
health and economic problem.* ** The fields usually abound with mice and 
rats. Babudieri? found, in a survey of 509 apparently healthy workers in Italy, 
that 20 per cent had leptospiral antibodies. The percentage of infection in- 

creased in different groups as the length of service increased, until it reached 80 
i per cent in those who had worked in the rice fields for 20 years or more. | Ap- 
proximately 66 per cent of these infections were due to L. bataviae. A similar 
situation exists in Australia among cane-field workers. Derrick and his co- 
workers® found that 57 per cent of the known cases of leptospirosis in North 
Queensland, Australia, occurred among cane-field workers and were attributed 
primarily to infection with L. australis A, although 10 other leptospiral sero- 
types were incriminated. No cases of leptospirosis have been encountered 
among cane- and rice-field workers in the United States. “Swineherd’s 
disease,” due to L. pomona and L. milis infections, is common in certain parts 
of Europe among butchers, abattoir workers, and others who have had contact 
with swine.® 67 Kirschner® reported that 67 per cent of 130 cases In New 
Zealand occurred among dairy farmers and the remainder in pig breeders or 
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Sa HUMAN CASES (TOTAL- 93) 


Ficure 2. The geographical distributon of cases of Weil’s disease in the period from 
1905 to 1941.7 


abattoir workers. The apparently lower incidence in the United States of 
human infection due to occupational exposure may be attributed to higher 
living standards and to mechanization of industrial and agricultural operations. 
However, the recent comment of Kalz,®® that the number of recognized and 
reported cases, particularly in the United States and in Australia, appears to 
be related directly to the location of interested workers and to the availability 
of laboratory facilities, warrants some thought. In recent years there has 
been an increase in reported cases in the United States. The geographic 
distribution of known cases was summarized by Larson in 19417° and again 
in 1948 by Molner, Meyer, and Raskin,” as shown in FIGURES 2 and 3. In 
the first period summarized, which covered 36 years, there were 93 cases in 14 
states. Seven years later the total number of cases had increased to 299 in 
24 states. In contrast, a summary of cases detected through serologic tests in 
the CDC Laboratories during a 4-year period (1953 to 1956), plus those reported 
to the CDC by state health departments or to the National Office of Vital 
Statistics, Washington, D. C., during this time revealed a total of 392 in 39 
states. In addition, 96 cases occurred in outbreaks reported between 1951 and 
1956. The distribution of these cases is shown in FIGURE 4. 

Sporadic cases’?® are reported in the United States in veterinarians, live- 
stock men, abattoir workers, sewer workers, dog owners, and others. Haunz 
and Cardy’® recently reported 9 cases in a single family that were attributed to 
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TOTAL CASES - 299 


FicurE 3. The geographical distribution of human leptospirosis in the period from 1905 
to 1948.71 


infection from the family dog. During the past 3 years information has been 
obtained regarding the occurrence of 94 cases of leptospirosis in 27 states. 
came primarily from serologically positive sera 


Awareness of these cases 
CDC Laboratories, Chamblee, Ga.,* 


referred to the Diagnostic Serology Unit, 
and from state health departments. Subsequent inquiry to the state epi- 
demiologists usually resulted in a history of the case. Others were reported 
by the National Office of Vital Statistics or were investigated on request by the 
CDC Leptospira Research Laboratory staff. Information concerning the 
probable source of infection was obtained on 64 of the 94 cases. Of these, 
25 (39 per cent) had had contact with infected cattle or swine either in abat- 
toirs or on farms; 17 (26 per cent) had been drinking, swimming, or had been 
accidentally immersed in presumably contaminated water; 12 (19 per cent) 
had had contact with dogs in their homes or in veterinary hospitals; 7 (11 
2 (3 per cent) to wild animals, and 1 (2 


per cent) had been exposed to rats; Z 
per cent) to a goat.” The months of onset for these 94 cases, presented in 
FIGURE 5, show the highest in idence during August and September. There 


were 84 males and 10 females in the group. While cases occurred in patients 
from 2 to 64 years of age, the peak appeared between the ages of 30 and 39, 
as shown in FIGURE 0. 


3 Appreciation is expressed to Joseph Schubert for data obtained from his laboratory. 
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These 


Ficure 4. The occurrence of human leptospirosis in the period from 1953 to 1956. 1 
392 cases were reported through the Laboratory and Statistic Section, Communicable Disease 
Center, Public Health Service, Chamblee, Ga., the National Office of \ ital Statistics, Wash- 
ngton, D. C., and state health departments. The figures in parentheses, which total 94, 
epresent cases in published reports of epidemics from 1951 to 1956. 
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FicuRE 5. The seasonal distribution of 94 cases of human leptospirosis in the United 
States from August 1954 to August 1957. 


The fact that the probable source of more than one third of these recent 
cases was found to be contact with infected cattle or swine may be attributed, 
in part, to the rapid spread of bovine leptospirosis in the United States since 
1951, as shown in FIGURES 7 and 8. In 1954 the Agricultural Research Service 
of the United States Department of Agriculture® estimated that annual losses 
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from bovine leptospirosis were over 112 million dollars, or 25 million dollars 
greater than losses from bovine brucellosis. 

In large part, the prevention and control of leptospirosis are aspects of the 
prevention and control of other diseases. Certainly, the application of strict 
sanitary practices will play an important role. Protection of drinking water 
supplies for domestic animals from contamination, adequate drainage of wet, 
muddy farm areas, and rat control are particularly valuable measures. Several 
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Ficure 6. The age distribution of 55 cases of human leptospirosis in the United States 
from August 1954 to August 1957. 
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FicurE 8. The reported occurrence of bovine leptospirosis during 1956. 


leptospiral vaccines are available for use’**! in cattle and, while results have 
been encouraging, further evaluation of their effectiveness is needed. 

In nature leptospirosis has a wide host spectrum that yields a variety of 
serotypes. As yet, L. pomona is the only serotype used in the preparation of 
vaccines for cattle. While most infections in cattle and swine are caused 
by this serotype, L. canicola was isolated recently from a sick calf in Alabama, 
and serologic findings suggest the presence of L. sejroe** and L. grippotyphosa 
infections.“ Thus, the use of a polyvalent vaccine should be considered. 
The same consideration should be given to canine vaccines, which at present 
are prepared only from L. canicola and L. icterohaemorrhagiae strains. 

Prevention and control of the disease in humans, particularly in those 
exposed to it in their occupations, depends largely upon improvement of 
working conditions. Results of vaccination studies have been excellent in the 
Italian and Spanish rice-field workers,” among whom the incidence of infection 
is high. The feasibility of similar immunization of abattoir workers, veteri- 
narians, and others at risk should be studied. 


Discussion 


The leptospiroses spread to humans under favorable environmental cir- 
cumstances following contact with the tissues or urine of infected animais or 
contact with water or wet soil contaminated by animal carriers. Higher 
living standards greatly influence the lower incidence in the general population 
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+. the United States and other countries that report the disease in animals, 
‘but have few human cases. In the comparatively few occupations in which 
the problem is encountered, better sanitary practices, rat control, and pro- 
tective clothing can play an important role in reducing the hazard. Outbreaks 
- of the disease related to recreational accidents may be expected to occur sporad- 
ically. 

The detection of leptospiral serotypes hitherto unrecognized in the United 
States emphasizes the need for a more concerted effort by medical and veteri- 
nary laboratories to search for them. As laboratory techniques for the isola- 
tion of leptospires are improved and applied, more serotypes will be obtained 
from humans and from domestic animals. Further study of the new wild 
mammal hosts to determine the incidence of infection in other parts of the 
country is indicated. In addition, little is known of the duration of the carrier 
state in these hosts. Application of the recently developed bladder-tap 
- technique® to secure urine for direct culture would provide some of the informa- 
tion needed. Future research in this direction will throw more light upon the 
role of these wild mammal hosts in the over-all picture of leptospiral epidemi- 
ology and epizootiology. 

There has been much speculation as to the reasons for the apparent increase 
in incidence of leptospiral infections. It may be accounted for in part by a 
greater awareness of the disease. Current knowledge strongly suggests the 
existence of an epizootic or panzootic of the leptospiroses that may flow and 
ebb for some decades. Until we have further knowledge of the conditions 
that favor the prevalence of leptospirosis we have no better explanation than 
Sydenham’s theory of the genius epidemicus, that contagious diseases are 
influenced by cosmic or atmospheric conditions. 


| Summary 


Leptospiral infections are known to occur in wild and domestic animals 
throughout the civilized world. More than forty years of extensive research 
have revealed a characteristic epidemiogical pattern. All leptospires known 
to infect animals are potentially pathogenic for humans. While some sero- 
types appear to exhibit a certain host preference, all of the more common 
types have been found to infect more than one animal species. During the 
past two years investigations have detected, in a variety of wild mammal hosts, 
the presence of 5 leptospiral serotypes hitherto unrecognized in the United 
States. ay 

Of primary importance in the chain of transmission are the animal carriers 
of leptospires. After acute, mild, or even inapparent infections the organisms 
localize in the kidney and are shed in the urine for varying periods. These 
carriers serve as foci of infection for other animals and man. . 

In the United States reported outbreaks of leptospirosis have been associated 
primarily with swimming in stagnant pools or creeks presumably contaminated 
Sporadic cases that occur are more frequently associated 
eterinarians, abattoir workers, sewer 
ed to a contaminated environment. 


by carrier animals. 
with occupational exposures among V 
laborers, dog owners, and others expos 


440) Annals New York Academy of Sciences 


Information concerning 94 sporadic human cases in the United States is pre- 
sented. These outbreaks and sporadic cases are discussed and compared with 
the epidemiology of leptospiral infections in other countries. These facts 
emphasize the need for further research to clarify the significance of the new 
sylvatic hosts in the over-all pattern of leptospirosis. 
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cart IV. Recent Developments in the Epidemiology of Rabies 


INTRODUCTION 


By Ernest S. Tierkel 


Communicable Disease Center, Public Health Service, Atlanta, Ga. 


More than ten years have passed since a report on rabies was presented at 
- goonoses conference before The New York Academy of Sciences. Since 
mat time the well-known factors in the epidemiology of rabies have remained 
sochanged. These can be enumerated briefly: the extreme ubiquity in the 
istribution of the disease, the higher attack rate associated with exposures 
ei the region of the head, and the lability of the organism when exposed to 
rormal atmospheric conditions, which reduces likelihood of infection by indirect 
H<posure to contaminated objects or fomites. Younger animals are more 
-isceptible than older ones to rabies. There is reason to believe this is also 
—ye in man. In the ten years between 1944 and 1954 more than one half the 
jtal human rabies deaths in the United States were of children under 15 years 
age (FIGURE 1). Of course, among children there is greater opportunity 
yr more severe exposures, a factor that probably contributes to this fact, as did 
she generally higher inherent susceptibility of the lower age groups. 
' H.N. Johnson (1948) has classified the important animal vectors of rabies 
ato two epidemiological types, the sylvatic or campestral type in wildlife 
nd the disease as it is found in domestic dogs in urban areas. There are no 
ntigenic differences between these types; they are simply classified in this 
manner on the basis of natural spread of the disease. During the past ten 
ears the number of reported wild-animal cases has doubled. During the past 
ive years, 20 per cent of human rabies deaths have been caused by the bites of 
abid wild animals, primarily foxes and skunks, the principal sylvatic rabies 
vectors in the United States. The geographical distribution in the United 
ian of fox and skunk rabies is peculiarly discrete, the former restricted in 
he last decade to the eastern and southern states and the latter to the coun- 
_ry’s great central plains and to the central valley of California (FIGURE 2). 
"The Communicable Disease Center of the Public Health Service in Atlanta, 
Ga., now has under way research projects on the natural behavior of the disease 
-n wildlife. Preliminary results in these investigations have shown some 
syidence that subclinical infection occurs in wildlife vectors in nature. Positive 
serum antibody titers were found in 23 of 395 foxes trapped in the wild. These 
positive animals came from areas with a recent history of fox rabies outbreaks; 
this was in contrast to completely negative antibody results from 300 animals 
taken from known rabies-free areas. A survey of the rabies virus in more 
‘than 1000 small wild rodents trapped in high enzootic fox rabies areas in New 
‘York and Georgia revealed no evidence of infection, confirming previous reports 
‘that these species do not serve as reservoirs of the disease in the wild. As to 
‘the virus content of salivary glands, 75 per cent of the submaxillary glands of 
‘naturally infected foxes were shown to contain rabies virus. In no instance 
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have infected salivary glands been found without concurrent infection in the |} 
central nervous system, which indicates an inherent inability of this species f 
to transmit the disease as a symptomless carrier. The transmitting potential | 
of foxes, however, is great, as shown by the fact that daily testing of experi- 
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mentally infected foxes showed that their saliva contained rabies virus for 
»ong periods of time, in one individual for 17 days. 

The most recent development in the problem of sylvatic rabies is the finding 
of rabies in insectivorous bats in the United States. This series of events 
oegan with the first isolation of rabies virus from bats in June 1953, when a 
yellow bat Dasypterus floridanus attacked a child near Tampa, Fla. This 
=pisode aroused great interest, prompting surveys and surveillance activities 
hroughout the country. Since the first reported case in Florida, 175 cases 
jave been diagnosed from 18 states in widely diverse geographical areas of the 
United States, 2 from 1 province of Canada, and 2 from Yugoslavia. Four 
especies of tree-living or solitary bats and 10 species of colonial or cave-dwelling 
yats have been implicated thus far. All are of the insectivorous variety. The 
sreatest number of rabies virus isolations has been made from the Mexican 
Tree-tailed bat Tadarida mexicana in the southwestern United States. 

- One of the many problems in the epizootiological puzzle of rabies in insec- 
stivorous bats is the question of asymptomatic transmission of the disease. 
HIt is well established that their chiropteran cousins, the vampire bats in Latin 
America, are capable in some instances of transmitting rabies for long periods 
of time without showing signs of illness. Some have suggested that this sym- 
ae host-virus relationship may be present in the insectivorous bats. During 
scurrent studies conducted by the Communicable Disease Center in a cave in 
the southwestern United States, four infected bats have been found in a random 
sample of 300 normal bats collected in flight. Rabies virus was recovered 
from the salivary glands, and not from the central nervous system, of these 
four bats, which remained clinically normal until sacrificed for testing. The 
rultimate test for asymptomatic carriers, however, that of demonstrating a 
»continuous yield of virus from saliva of normal insectivorous bats observed 


over long periods of time, has not yet been done. 

Although it has been possible to find the infection in normal bats of the afore- 
mentioned cave colony in frequencies ranging from 0.5 to 1.5 per cent, the rate 
of virus isolations went up to 5.1 per cent in dead and moribund bats collected 
in the midst of a die-off that lasted about three weeks. During this die-off, 
many of the ill bats exhibited convulsions and spasmodic contractions of the 
abdominal muscles. Vicious biting of one bat by another was observed in 
-one instance. Monthly sampling for serum-neutralizing antibodies in this 

cave revealed positive antibody rates, which increased gradually from 14.7 per 
cent in the early part of the season to 28.2 per cent late in the season just before 
the colony left on its southward migration. Niers 
Investigations are now being carried out to discover the epidemiological 
significance of the bat rabies findings. Although as yet there has been no 
direct and definitive evidence of the natural transmission of rabies from 
insectivorous bats to man or to lower animals, the public health implications 
of such findings cannot be minimized. There are now well-documented reports 
of 35 episodes of bats proven to be rabid that had bitten human beings (about 
half were unprovoked attacks), and 2 human rabies deaths are attributed to 
exposure from rabid bats on an anamnestic basis, since neither bat was re- 


covered. 
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A few observations from the early phases of the current investigations may 
be of interest here. It has been possible experimentally to infect by periph 
routes several species of animals, including bats, with virus isolated from the 
brains and salivary glands of naturally infected bats, but in most instances 
this has been done with difficulty (Stamm et al., 1956, Enright ef al., 19553 
Burns ef al., 1956). This phase of the problem, including attempts at simulated 
natural transmission, is described elsewhere in this monograph. 

The ultimate solution to the rabies problem is predicated on the control 
and eventual elimination of the disease from animal populations. This may 
be accomplished by the establishment of transmission barriers such as animal 
immunization, elimination of stray dogs, and the reduction of excessive numbers 
of wildlife vectors. Perhaps the greatest advance in the control of rabies in 
the last decade has been the improvement of animal rabies vaccines and the 
successful use of canine vaccination. The progress made in this field is dis- 
cussed elsewhere in this monograph. 
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Discussion of the Paper 


Oscar SussMAN (Bureau of Veterinary Public Health, State of New Jersey 
Department of Health, Trenton, N. J.): It has been contended by some ob- 
servers, when referring to the decrease of animal rabies in the United States 
during the period from 1944 through 1954, that this decrease has been asso- 
ciated with the use of new live culture avianized rabies virus vaccines. Infer- 
ence has been made that there is a direct relationship between these reductions 
and the new live culture vaccines. The decrease shown was indeed substantial; 
however, it included reductions in areas where avianized vaccine was not used. 
To attribute this reduction solely to the introduction of a new vaccine is naive 
and at least a loose use of statistics. If there is any principle in epidemiological 
analysis it is that the secular movement of any disease is the resultant of many 
factors (multiple causation), and not merely the behavior of any single variable. 

T agree with Ernest Tierkel that vaccination is an excellent procedure around 
which to conduct a rabies-control program. I agree further that the avianized 
vaccine, where properly administered to dogs, is an efficacious prophylactic 
agent. In determining the amount of credit, however, that can be attributed 
to the new live culture vaccines in the decrease of animal rabies, I suggest that 
we examine the behavior of the disease in earlier times, both for the United 
States as a whole and for particular geographical subdivisions, with particular 
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seference to those periods when only phenolized vaccine was available for use, 
nd in which it actually was used. 

(1) In 1937 and 1938 11,500 animals were reported rabid in the United States. 

n 1942 this number decreased to 7165 animals—a decrease of almost 38 per 
ent. 

(2) In the east-south-central part of the United States in 1936, 2250 animals 
svere reported rabid, and by 1939 only 745 were reported rabid—a decrease 
of 67 per cent. 

(3) In the Pacific Coast area 2129 animals were reported rabid in 1938. This 
figure decreased to 515 in 1940—a reduction of 75 per cent. 

| (4) In the state of New Jersey in 1939, 679 cases of rabies were reported. 
Efhis was reduced to 42 cases in 1943—a decrease of approximately 94 per cent. 
It is true that, in the United States as a whole, reported rabies increased 
“rom 7165 for the calendar year 1942 to 10,870 for the calendar year 1946 
sand then fell erratically to 5844 for the calendar year 1955. In the east-south- 
sentral portion of the United States the number of reported cases increased 
“rom 745 in 1939 to 2066 by 1945, dropped to 1476 by 1951, only to increase 
to 2719 by 1953, and then to fall to 973 by 1955. On the Pacific Coast, reported 
rabies decreased from 2129 in 1938 to 515 in 1940, only to increase to 916 by 
1944, then to drop to 75 by 1951, and then to increase to 425 by 1955. 

All of this demonstrates that reported rabies behaves in a cyclic fashion. 
one were to choose any particular interval of time in a particular geographical 

area, a case could be made out for the use of killed vaccine, for the control of 
estray dogs, or for no effort whatsoever. 

It must be admitted, in all fairness, that Ernest Tierkel’s citation of the 
changing nature of the rabies problem from one in which dogs are the predomi- 
nant species involved to one in which wildlife seems to be the essential factor 
‘in the maintenance of the disease is good supporting evidence that vaccination 
of pet animals is an excellent prophylactic procedure. I believe, however, 
that to ignore other possible factors, such as increased awareness on the part 
of dog owners of their responsibility in disciplining their animals or in ignoring 
the ordinary behavior of the disease is to be unaware of the subtle interplay 
of the multiple variables in the natural history of any disease. . 
Tt has been said that “An epidemiologist is a disease investigator who slides 
into glory on the downward slope of an epidemic curve.” It appears that 

attempts have been made “‘to slide the new avianized rabies vaccines to glory 
on the downward slope of a nationwide cyclic epidemic rabies curve.” 

Avianized vaccine was discussed at the meeting of the American Public 
Health Associationin New York, N. Y., in 1949. A statement was made that in 
Staten Island, N. Y., where there had been a considerable amount of rabies 
the previous year, no cases of rabies were reported following the use of avianized 
vaccine in a field trial. The audience was led to believe that this was due to 
the use of the avianized rabies vaccine. This impression was not corrected 
until Morris Greenberg, of the New York City Department of Health, indicated 
that the safety of the product might be evaluated in this respect, but that one 
could not validly claim that avianized vaccine was responsible for the observed 
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phenomenon. Greenberg pointed out that “while the avianized vaccine was 
used in Staten Island where there had been rabies and now there was not any, the 
avianized vaccine had not been used in Manhattan where there had been rabies 
and now there was not any.” ; 

Phenolized vaccine has been used in many situations throughout the United 
States, and used successfully. Certainly the previous United States and | 
regional figures referred to, in which definite decreases in incidence were ob- 
served, could not be attributed to the avianized vaccine when it is remembered 
that in this period only phenolized vaccines were available. These decreases 
were no less startling than those that occurred following the use of the avianized } 
product in other situations. 

Different causal relationships other than the use of vaccines are actually }J 
involved in the decrease of rabies incidence. This is particularly true in the 
case of dog rabies where proper control, a firmer conviction of owner responsi- 
bility in supervising the activities of the dogs, and the elimination of stray 
dogs results in a decrease of susceptible populations to attack by wild and 
predatory infected animals. On the basis of all the evidence available, I 
maintain that the use of any good vaccine aids in reducing the number of 
susceptibles among owned-vaccinated dogs. I have yet to see a stray dog 
jump on a table and ask to be vaccinated. 

In order to show conclusively that avianized vaccine is responsible for the 
reduction in reported rabies, the following evidence must be submitted: 

(1) Secular trend lines in rabies prevalence maintain a negative slope. 

(2) If the foregoing statement is true, then it must be demonstrated that: 
(a) an increasing proportion of dogs vaccinated had been treated with avianized 
vaccine as compared to other vaccines; and (b) that there was no statistical 
difference in the results between the groups of vaccinated dogs, all other 
factors being equal. 

Merlin Kaeberle, in his paper ‘‘Newer Tools for the Prevention of Rabies in 
Domestic Animals,” pays deserved attention to the duration-of-immunity 
experiment conducted jointly by the United States Public Health Service, 
Washington, D. C., and Lederle Laboratories, Pearl River, N. Y. However, 
he failed to mention that the phenolized vaccine and the avianized vaccine 
both protected 100 per cent of all dogs challenged 24 months after vaccination. 

I should like to raise several issues that appear to me to be of paramount 
importance in future rabies control procedures and in determining products to 
be used to control the disease in domestic animals. 

(1) Recall immunity. Do multiple doses of phenolized vaccine administered 
at yearly intervals produce a more solid immunity than does the single dose 
of avianized vaccine given every 3 or 4 years? We have some evidence in our 
work with poliomyelitis, and more conclusive evidence in Harald Johnson’s! 
work on the phenolized product, to the effect that multiple doses are of value 
In Increasing total immunity. The 39-month study of the United States 
Public Health Service comparing phenolized and avianized vaccines failed 
to take into account the annual-vaccination system in determining the relative 
value of multiple doses of killed products and method of administration, 

(2) Shelf life. Consideration must be given to the shelf life and to the 
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sractitioner’s handling of any product. Live-culture vaccines, when reconsti- 
ated, require meticulous handling and may not be mishandled even when 
sesiccated. Their entire value depends on the introduction of sufficient live 
‘irus to cause infection and subsequent immunity. This does not imply that 
*henolized products may not be abused; however, phenolized material can 
tand more abuse before its potency is lost than can avianized material. 

(3) Safety versus species. Live vaccines must be used only in those species 
or which they have been proved safe. Therefore, if there is likelihood of 
tilization in unauthorized species, a product of greater safety must be used 
ven if some degree of immunity is lost. The use of the avianized product in 
eats, puppies, cattle, skunks, and foxes has resulted in cases of atypical rabies. 
(4) Sensitivity versus neurological manifestations. Sensitivity to egg protein 
yay become a hazard when distemper products and other similar vaccines all 
re made from egg-embryo tissue. As to neurological manifestations following 
fhe use of phenolized killed products, over 300,000 dogs in the state of New 
ersey have been vaccinated over the last 5 years with no definite evidence of 
seurological manifestations. 

(5) Live rabies virus in nonendemic areas. Aside from the benefit of ‘recall 

munity”? when annual vaccinations are made, rabies control administrators 
we faced with the problem of the use of live rabies virus in areas where no 
-ases exist. Should the disease reappear following live vaccine usage, the 

subsequent public reaction must be taken into account. This consideration 
nay appear inconsequential and a blot on the progress of scientific advance- 
ent, but it is a definite problem in areas where the disease has been eliminated. 
| (6) Psychological value of annual vaccination. The psychological impact 
rvhen annual vaccinations are held must be considered. While in some areas 
“his may be onerous, in others it is considered good procedure, for it not only 
suids in controlling rabies, but it prescribes at least one time in a year when an 
ywner must look closely at his pet, and may help to prevent transfer of other 
rinimal diseases to the owner. 
In conclusion, it is very difficult for one who has had considerable success 
in the use of the phenolized vaccine to see it buried so rashly before it is really 
dead. Psychologically, there is some reason for having an annual vaccination 
‘of dogs, as has been proved by field experience among those of us who have 
‘administered these programs on a continuous basis. Both vaccines certainly 
‘are valuable adjuncts in the prevention of rabies. The downward slope of 
ithe epidemic curve in the last decade cannot, however, be attributed solely 
sto the introduction of the newer avianized vaccine. As one administrator 
cand epidemiologist involved in the control of rabies in a state that has success- 
‘fully eliminated the disease by the use of dog control, phenolized vaccine, 
sand the elimination of stray dogs, I cannot accept the definition of an epi- 
sdemiologist or of a superior vaccine as one that “merely slides to glory on the 


ae p 
downward slope of an epidemic curve. 
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BAT RABIES: EXPERIMENTAL HOST 
TRANSMISSION STUDIES 


By Kenneth F. Burns, Dorothy Fresenius Shelton, and Earl W. Grogan 
Fourth United States Army Medical Laboratory, Fort Sam Houston, Texas 


The recovery of rabies virus from bats living under natural conditions in 
the United States indicates the need for evaluating the public health signifi- 
cance of these animals as reservoirs and carriers of this disease. Are rabies- 
infected bats purely of academic interest, or do they constitute a true public 
health hazard? Is it likely that human subjects will be affected directly by 
the bite of such a bat, except as a rare accident, or is it more logical to believe 
that bats may come to represent an additional sylvatic reservoir in this country 
contributing to a marked increase of the disease in animals and, indirectly, 
in man? These are the more important questions with which public health 
personnel are concerned. ; 

Originally the recovery of rabies virus from bats infected in nature was 
thought to be a unique single event localized within a small geographical area 
in Florida.!. Within 6 months, however, other rabies isolations were made 
from bats in Pennsylvania” and Texas,*: * and thereafter from other states in 
the Southwest,® the Midwest, and the West.® From 4 species of solitary and 
9 species of colonial bats, approximately 175 isolations of rabies virus have 
been made since June 1953, and 30 of these isolations have been associated 
with human exposures.’ Further, circumstantial evidence concerned with 2 
human rabies deaths in Texas would tend to incriminate bats as the vector of 
these 2 infections.*: ° 

In attempting to evaluate the public health significance of bat rabies we 
studied the ability of laboratory-infected and naturally infected indigenous 
bats to transmit the disease to other animals under conditions of induced as- 
sociation in the laboratory. 

Further studies were conducted with other animals to determine their sus- 
ceptibility to bat-rabies viruses and in an attempt to determine whether these 
agents have assumed some of the characteristics ascribed to the phenomenon 
of fixation. 


MATERIALS AND PROCEDURES 


Animals 


Bats. Tadarida mexicana (Mexican free-tailed bats) used in this experiment 
were obtained from two sources: Bracken Cave, Texas, and: Carlsbad Caverns, 
N. Mex. The group of 400 bats netted at Bracken Cave appeared physically 
normal at the time of capture and were maintained in captivity for a 21-day 
period prior to the initiation of the experiment. The group from Carlsbad 
consisted of 50 encephalitic bats collected from the floor of the caverns during 
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m epizootic of rabies among Molossidae of the cave during August and Septem- 
ser 1956.* ee eae 
Twenty-five Antrozous pallidus pallidus (pallid bats) were collected and 
‘hipped to us by Bryan P. Glass of Oklahoma Agricultural and Mechanical 
“ollege, Stillwater, Okla. 
| Monkeys. Five young adult rhesus (Macaca rhesus) monkeys were em- 
»loyed. The animals weighed between 12 and 20 lb. and had been imported 
tirectly from India by the United States Air Force. They had not been used 
ror any previous studies, having been maintained at this laboratory for 5 
months prior to the beginning of this experiment. 
Mice. Three- to four-week-old Swiss albino mice weighing 8 to 10 gm. 
-vere used throughout the experiment as indicators of infection, for virus titra- 
ions, and for the intracerebral mouse neutralization tests for reidentification 
mf agents employed and serum antibody titrations. 
— Other animals. Fifteen guinea pigs, 16 hamsters, 19 rabbits, 4 Spanish 
xoats, 6 chickens, and 1 raccoon were included in the study for biting and in- 
luced-confinement experiments and for host susceptibility studies. 


Virus Strains 


Six rabies strains isolated from the brains of 7. mexicana bats were employed 
n these studies. The strains were identified as the virus of rabies by the intra- 
-serebral mouse neutralization test. In addition to the bat isolates, rabies 
:= virus (Challenge Virus Standard) obtained from Lederle Laboratories, 
Pearl River, N. Y., was used for control purposes. 

Isolate No. 2915 (third mouse-brain passage) was obtained from a pool of 
e brains of 2 of the naturally infected Carlsbad Caverns bats collected during 
tthe August 1956 rabies epizootic. 

~ Tsolate No. 2084 (fifth mouse-brain passage) was obtained from a moribund 
Sbat collected on the floor of Carlsbad Caverns in September 1955. 

Isolates No. 1063 (second mouse-brain passage) and No. 1248 (third mouse- 
brain passage) were isolated from individual paralyzed bats collected in the 
San Antonio, Texas, area in July and December 1954. 

Isolate No. 1009-13 (fifth mouse-brain passage) was obtained from a pool of 
‘the brains of 5 apparently normal bats (asymptomatic) collected in Uvalde, 
’ Texas, in July 1954. 

Isolate No. 768 (third mouse-brain passage) was obtained from an individual 
‘bat exhibiting encephalitic manifestations at Fort Sam Houston, Texas, in 


April 1954. 


Diagnostic Criteria and Identification of Rabies Virus 


Throughout the studies, rabies virus was considered isolated either when 
Negri bodies could be demonstrated in brain smears from mice that died fol- 
lowing a characteristic course of symptoms or when, in the absence of these, 


* The cooperation of D. G. Constantine of the Veterinary Public Health Section of the 
Communicable Disease Center, Public Health Service, Atlanta, Ga., is gratefully acknowl- 
edged. 


454 Annals New York Academy of Sciences 


identification of the agent could be made by the standard neutralization test. 
This latter method, outlined by the Neurotropic Virus Disease Commission 
(since renamed the Commission on Viral Infections, Armed Forces Epidemio- 
logical Board), Walter Reed Army Institute of Research, Washington, D. C., 
as stated by Paul,!° incorporates equal volumes of undiluted inactivated rabies 
antiserum (horse) and serial tenfold dilutions of virus-infected mouse brains. 


Rabies Virus Titrations 


With all experimental hosts, each of the virus strains was titrated by the 
intracerebral inoculation of tenfold dilutions into 8- to 10-gm. 3- to 4-week-old 
white Swiss mice. The total dose inoculated is expressed as mouse intracere- 
bral LDso’s (MIC LD»). 


Bacterial Sterility Studies 


Bacterial sterility studies were employed throughout the experiments on all 
injectable materials using trypticase soy and thioglycollate culture mediums. 
After incubation at 37° C. and reading at 72 hours, all tubes having no cloud- 
ing or turbidity indicated sterile inocula. 


Collection of Saliva Samples 


Collections of saliva samples were made by repeated swabbing of the mouths 
of the bats with 6-inch cotton-tipped applicators soaked in 1.0 ml. of 10 percent 
rabbit-serum saline containing 1000 units of penicillin and 2.0 mg. of strepto- 
mycin. The excess was expressed against the vial wall and, after 1 hour of in- 
cubation at refrigerator temperature (4° C.) with the antibiotics for control of 
bacterial contamination, the mixture was inoculated intracerebrally into mice. 


Inoculations 


Intracerebral inoculations of mice (0.03 ml.), bats (0.02 ml.). chicks (0.05 

ml.), hamsters (0.05 ml.), guinea pigs (0.10 ml.), and rabbits (0.25 ml.) were 
made using a 27-gauge needle and a 0.25-ml. syringe, employing sterile tech- 
nique. Ina similar manner, but with increased amounts, goats and monkeys 
received an intracerebral dose of 0.5 ml. of inoculum, using a 1.0-ml. syringe 
with a 22-gauge needle while the animals were under general anesthesia. 
_ Intramuscular inoculations (gluteals) of hamsters (0.05 ml.), guinea pigs 
(0.10 ml.), rabbits (0.75 ml.) and a raccoon (1.0 ml.) were made using a 1.0- 
ml. syringe and a 22-guage needle. Bats received 0.02 ml. into their pectoral 
muscles with a 0.25-ml. syringe and 27-gauge needle. 

Subcutaneous inoculation of bats (0,02 ml.) and rabbits (1.0 ml.) was made 
in the suprascapular area with 27-gauge needles and with 0.25-ml. syringes and 
1.0-ml. syringes, respectively. 

Intraperitoneal inoculations of guinea pigs (1.0 ml.) and hamsters (0.5 ml.) 
were accomplished with a 1,0-ml. syringe and 22-gauge needle. 


Burns ef al.: Experimental Transmission of Bat Rabies 455 


Serum Collections 


Serum specimens were obtained from the monkeys for assay of neutralizing 
santibody for rabies virus prior to, and four months after, confinement with 
bats, and again when the challenged animals were moribund with rabies. Sera 
-of all other species of animals, including fowl, were collected just prior to expo- 
sure and either when moribund with clinical rabies or at time of sacrifice of 
*those that remained asymptomatic. 


Serum Neutralization Tests 


- Serum neutralization tests were conducted according to the method quoted 
Pby Paul.!° A log neutralization index of 1.7 or greater was csusidered positive. 
| InpucED AssocIATION EXPERIMENT INVOLVING INFECTED BATS 
(T. mexicana) AND NORMAL MONKEYS 


Separate dog metabolism cages were utilized to confine a number of bats 
(1. mexicana) and 1 monkey each. Three of the cages each contained 100 
‘bats inoculated with 32,000 MIC LD5o’s of bat rabies isolate No. 2084 intra- 
cerebrally, subcutaneously, and intramuscularly, respectively. One cage con- 
tained the 50 naturally infected bats collected from Carlsbad Caverns. One 
cage contained 100 normal bats as controls. The cages were altered to consist 
of 2 compartments, upper and lower, separated by a metal grid containing 
openings large enough to permit passage of the bats. The monkeys were 
caged in the lower compartments and the bats were placed in the upper com- 
partments at the beginning of the experiment. 


Results 


Early migration of the inoculated bats from the upper compartments of the 
dog metabolism cages to the lower compartments occupied by the monkeys 
was observed. The bats did not appear to return to their own compartments. 
This was believed to be due to the development of infection from the prodromal 
period in which the bats were irritable, aggressive, and restless to a state of 
fatal progressive paralysis. No such picture was noted among the asympto- 
matic bats confined for control purposes. Numerous altercations occurred , 
| resulting in bites inflicted on the monkeys by the infected bats. The mon- 

keys’ attempts to dismember the confined bats resulted in their being bitten 

on the fingers. In addition to bite wounds, it appears reasonable to assume 
that the monkeys received stab wounds in the gums and throat while consum- 
ing portions of the bat carcasses. Many fragments of bats were discarded 
from each of the cages. 

Bats inoculated intracerebrally placed with monkey No. 1. Of 100 intracere- 
brally inoculated bats, all were dead by the eighteenth postinoculation day. 
Fifty-three bats that were removed between the sixth and eighteenth postinocu- 
lation days were examined for rabies infection; the remaining carcasses were dis- 
carded due to mutilation by the monkey. These oa bats were autopsied, and 
tissues were prepared in 13 pools each of brain and salivary gland. Rabies 
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virus was recovered and identified from all brain pools and all but 1 salivary 
gland pool, the negative pool being composed of salivary glands of dead bats 
collected on the sixth postinoculation day. 

Bats inoculated subcutaneously placed with monkey No. 685. Of the 100 sub- 
cutaneously inoculated bats, 88 were removed dead between the sixth and 
twenty-second postinoculation days. Only fragments of the remaining 12 bats 
could be identified. Twenty-two pools each of bat brain and salivary gland 
tissues were prepared and inoculated intracerebrally into mice. Five of the 44 
pools yielded rabies virus: 3 positive brain pools from bats dying the ninth, 
seventeenth, and twenty-second postinoculation days, and 2 positive salivary 
gland pools from bats dying the fifteenth and twenty-second postinoculation 
days. 

Bats inoculated intramuscularly placed with monkey No. 595. Of the 100 in- 
tramuscularly inoculated bats, 59 dead were recovered between the sixth and 
twenty-third postinoculation days, the remaining 41 bats having been dis- 
membered beyond recognition by the monkey. Isolation materials contained 
in 16 brain and 16 salivary gland pools resulted in recovery of the virus in 5 
instances from both brain and salivary glands of bats dying the sixth and thir- 
teenth postinoculation days, and from the brain only of bats dying on the 
twentieth postinoculation day. 

Bats infected naturally placed with monkey No. 2. The 50 naturally infected 
T. mexicana were caged with rhesus monkey No. 2. Twenty-four hours later, 
11 bats had died and were removed from the cage. Six of the remaining sick 
bats died on the second postexposure day, 3 on the third, and 2 on the fourth. 
From the 2 bats dying the fourth postexposure day 2 isolates were obtained 
(No. 2915 Br and No. 2915 SG) from pooled tissues of both brain and salivary 
gland tissue, and these were identified as the virus of rabies. Twenty-eight 
bats were either eaten or mutilated and could not be utilized. 

Normal controls placed with monkey No. 697. One hundred normal bats were 
placed with a fifth monkey. On the twenty-third postexposure day, 48 bats 
were sacrificed for testing, and from their tissues 13 brain pools and an equal 
number of salivary gland pools were prepared. Intracerebrally inoculated 
mice yielded negative results. Fifty-two bats were mutilated beyond salvage 
or cannibalized by the monkey. 

None of the monkeys exhibited clinical symptoms of rabies or other disease 
during a 120-day period of observation; no demonstrable neutralizing anti- 
bodies were observed in sera drawn prior to or 120 days after exposure. 


Challenge 


Since all of the monkeys remained asymptomatic during the observation 
period each was challenged with rabies virus to prove its susceptibility to bat- 
rabies virus. 

Monkeys Nos. 1, 685, and 595 were challenged intracerebrally with 6300 
MIC LD»’s of strain 2084 four months after their contact exposure with bats 
experimentally infected with that strain. Simultaneously monkey No. 2 was 
challenged intracerebrally with 50,000 MIC LD,’s of strain 2915, which was 
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TABLE 1 


Bat RaABres EXPERIMENTAL Host STuprIES 
Intracerebral Challenge of Monkeys and Inoculation of Goats 


R Pes] 8 g Virus recovery 
Animal | Bat-rabies virus | MICt | An | 28 iss |_ 
species strain LDso | at as a zy, ; Remarks 
|} | 88 28S | Brain [Saivary 
| 2084 (Fifth 108-8 | 1 1/1 8 Pos. | Neg. |Monkeys challenged 120 
mouse-brain | 685 /1 8 | Pos. | Neg. | days after exposure to 
passage) 595 | 1/1 | 10 | Pos. | Neg. | laboratory-infected 
| Cal f [ne rabid bats 
FMonkey | 2915 (Third | 10*7 2|1/1 | 8 | Pos. | Neg. |Monkey challenged 120 
(Macaca mouse-brain| days after exposure 
rhesus) passage) to naturally infected 
tis , rs . | rabid bats 
Gonkrel © Va, i) £02807 697 | 1/1 7 | Pos. | Neg. |Monkey challenged 120 
days after exposure 
| | to asymptomatic bats 
2084 (Fifth) 105-° 1 | 1/1} 12 | Pos. | Neg. |Encephalitis 


mouse-brain 


| passage) | 
+ Goat (ca- | 1248 (Third! 10°-§ 2\1/1|11 | Pos. | Neg. |Encephalitis 
prine sp.) mouse-brain Sv is) Pos. Neg 
passage) | 
1063 (Third) 10°” 40/1 | 50* | Neg. | Neg. [Repeated IC challenge 
| mouse-brain with 1063 (MIC{LDso 
passage) 103°) on 18th post- 


inoculation day. 
Negative S.N.LT 


* Asymptomatic sacrifice. 
+ Serum neutralization index. 
| t Mouse intracerebral. 


isolated from the group of naturally infected bats with which this monkey had 
been in contact. Monkey 697, whose contact had been with normal bats, 
| received 100,000 MIC LD;»’s of challenge virus standard (CVS). The results 
| are shown in TABLE 1. 


A prodromal period was noted in the monkeys as early as the fifth day for 
the CVS-challenged animal and, on the sixth to eighth days, for those challenged 
with the bat-rabies strains. Fulminating infections developed with weakness 
of the extremities, grinding of teeth, ease of incitement to convulsive state, 
moments of mental alertness subsequently drifting into subconsciousness, 
followed by an ascending-type paralysis. Deaths occurred on the seventh to 
tenth postinoculation days. 

All monkeys were bled in the moribund state, and sera from these bleedings 
were found to be negative for neutralizing antibodies to rabies. Mice inocu- 
lated with brain tissue of all monkeys exhibited positive evidence of rabies, 
while none of the monkey salivary gland tissues yielded a viral agent. Histo- 
pathological examination of the monkeys’ brains revealed a meningoencepha- 
litis, including glial satellitosis, perivascular cuffing, and neuronophagia. 
Sellers-stained impressions and Stovall-Black-stained sections failed to reveal 


Negri bodies. 
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Inpucep-Bitrinc Experiments Usinc Laporatory-Inrecrep A. pallidus 
pallidus 


Fifteen asymptomatic A. pallidus pallidus were each inoculated intracere- 
brally with approximately 20,000 MIC LDso’s of bat-rabies strain 2084. The 
bats had been maintained at the laboratory for 11 days prior to inoculation. 
One bat dying on the second postinoculation day was discarded. Of the re- 
maining 14 mammals, deaths occurred between the eighth and twenty-seventh 
postinoculation days, 7 of the group dying between the eighth and twelfth 
days. A period of 24 to 48 hours of marked irritability preceded the deaths. 
Rabies virus was recovered from the brains of 13 of 14 bats, the single failure 
being the brain of one of the 4 bats dying on the twelfth postinoculation day. 
Attempts to isolate rabies virus from the salivary glands were accomplished on 
6 of the inoculated bats. Three of these yielded rabies virus. Pooled mouth 
swabbings collected 7 days postinoculation from 3 bats exhibiting symptoms of 
a central nervous system infection yielded rabies virus. 

Six of the infected bats (including the three that yielded rabies virus from 
salivary gland) on the tenth, eleventh, twelfth, and fourteenth postinoculation 
days were induced to inflict multiple bites on the ears and abdomens of 6 guinea 
pigs. The guinea pigs survived a 60-day observation period with no clinical 
signs of disease and were exsanguinated 60 days following exposure. Their 
sera failed to exhibit rabies-neutralizing antibody. Concurrently, 6 white 
Swiss mice were placed with, and received multiple bite exposures from, these 
bats. The mice survived a 60-day observation period with no signs of clinical 
illness. 


INOCULATIONS OF OTHER ANIMALS AND FOWL 


Goats 


Selected bat-rabies strains were studied in 6-month-old Spanish goats to 
determine this animal’s susceptibility via the intracerebral route of inoculation 
(TABLE 1). 

One caprine (No. 1) inoculated with approximately 800,000 MIC LDyo’s 
of bat-rabies strain 2084 died on the twelfth postinoculation day, exhibiting 
typical symptoms of rabies. Rabies virus was recovered from the brain of 
this animal. 

Bat-rabies strain 1248 was inoculated (approximately 630,000 MIC LD 5o’s) 
into 2 goats (Nos. 2 and 3). Goat No. 2 exhibited symptoms of encephalitis 
on the ninth postinoculation day and died 2 days later. Goat No. 3 was le- 
thargic and inco-ordinated, with a fixed stare on the tenth postinoculation day; 
24 hours later a marked grinding of the teeth was noted, with progressive as- 
cending-type paralysis, and the animal died on the thirteenth postinoculation 
day. Mice inoculated with goat-brain suspensions from these animals were 
positive for rabies, while the goats’ salivary glands failed to reveal infection 
with the virus on replicate isolation attempts in mice. 

Histopathological examination of brain tissue of three goats (Nos. 1, 2, and 


3) revealed typical pathological findings including meningo-encephalitis, 
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veuronophagia, perivascular infiltration, glial nodules, and Negri inclusion 
oodies. 

Strain 1063 was inoculated (approximately 500,000 MIC LD »’s) into goat 
No.4. On the twelfth postinoculation day the animal refused water and food; 
out after a 24-hr. period it once again started to eat and drink and assume nor- 
mal habits. On the eighteenth postinoculation day the goat was challenged 
-ntracerebrally with approximately 8000 MIC LDyo’s of bat-rabies virus, 
strain 1063. The animal exhibited no central nervous system symptoms 
luring a 50-day observation period and was sacrificed. Serum specimens 
~ollected at time of inoculation and 41 and 50 days postinoculation were nega- 
ive for neutralizing antibodies for rabies. The mechanism of immunity ob- 
served in this animal, manifested by its resistance to challenge in the absence 
of discernible neutralizing antibody, cannot be explained. 


Rabbits 


| Nineteen rabbits were utilized in experimental infection studies via intra- 
-serebral (I.C.), intramuscular (I.M.), and subcutaneous (S.C.), routes of inocu" 
ation, resulting in infection and subsequent death of 13 of the group (TABLE 2)- 
Six animals remained asymptomatic and were sacrificed after a 33- to 61-day 
ybservation period. All 4 rabbits inoculated intracerebrally and 5 of the il 
inoculated intramuscularly died of rabies, the mean incubation period for each 
of these routes being 17 days. The 2 intramuscularly inoculated survivors were 
sacrificed on the thirty-fifth and sixty-first postinoculation days. Of the 8 rab- 
bits inoculated subcutaneously, 4 became infected with rabies with a mean 
incubation period of 22.5 days, and 4 of this group remained asymptomatic, 
3 being sacrificed after 33 days and 1 on the fortieth day. 

Rabies virus was recovered from the brains of 11 of the 13 rabbits succumb- 
sing to infection with bat-rabies virus. No viral agent could be recovered from 


TABLE 2 

| Bat RaBres TRANSMISSION STUDIES IN RABBITS 

| Virus Neutrali- 

) Be pe Dose | Deaths/ ite lati Heorl body: recovery, Gam 

} Batrabies virus |poute| meuse | inocu” | gas sf etatnation | \ “Bram” |r pOM/| results 

3 | tested tested 

2084 1 T.c. | 1087 | 2/2 13 14 Negative 2/2 Di, 
(Fifth mouse- | S.C. | 10° 2/4 |23 26 (33) (40)| Negative 1/4 3/4 
brain passage) | I.M.| 10°? 4/5 |14 16 16 23 (61) Negative 3/5 4/4 

1009-13 rc.} 10 | 1/1 24 Positive 1/1 1/1 
(Fifth mouse- | S.C. | 10° 0/2 (33) (33) Negative 0/2 1/2 
brain passage) | I.M.| 10°7 1/1 18 Positive Al f 1/L 

1248 jELOR, || KD ee 1/1 18 Negative 1/1 ND 

(Third mouse- | S.C. | 10°* PHB) 20 21 Negative D2 2/2 
brain passage) | I1.M.| 10°? 0/1 (35) Negative 0/1 ND 


Symbols: (_), all animals terminated after 30 days had remained asymptomatic for the 


observation period recorded; ND, test not performed. 


460 Annals New York Academy of Sciences 


the brains of 2 of the rabbits exhibiting clinical rabies (1 LC., i! I.M.), nor from 
the brains of 6 asymptomatic rabbits surviving the observation period. Negri 
bodies were observed in Stovall-Black-stained sections of 2 of 19 rabbit brains 
examined (1 LC., 1 1.M.). Rabies virus was recovered from the salivary glands 
(parotid and submaxillary pool) of only 1 (S.C.) of 8 rabbits from which tissues 
were harvested (1 L.C., 1 I.M., 6 S.C.). 

Sera collected from 11 of the 13 symptomatic rabbits (2 sera not tested) 
exhibited positive serum-neutralization indices. Sera of 3 of the 6 asympto- 
matic rabbits drawn the day of sacrifice were positive for rabies-neutralizing 
substance. Two rabbits were negative, and no serum specimen was collected 
from the sixth surviving animal. 


Guinea Pigs 


Nine guinea pigs (3 each I.C., I.P., and I.M.) received 8000 MIC LD5o’s 
of bat-rabies strains Nos. 768 and 1009-13. The 3 intracerebrally inoculated 
animals died of rabies with a mean incubation period of 15 days. Rabies virus 
was recovered from the brains of the 5 animals dying (3 LC., 2 I.M.), and 2 of 
4 subjected to histopathological examination of brain tissue revealed the pres- 
ence of Negri bodies. All 3 of the intraperitoneally inoculated guinea pigs and 
1 of the intramuscularly inoculated group survived a 61-day observation period 
with no clinical signs of disease. 


Hamsters 


Sixteen hamsters receiving 8000 MIC LDs5»’s of bat-rabies virus strain No. 
768 (5 I.P., 5 I.C., and 6 I.M.) died of rabies with a mean incubation period of 
9 days. While rabies virus was recovered from the brains of all of these ani- 
mals, Negri bodies were observed in only 2 (1 I.C., 1 I.M.) of 8 brains exam- 
ined a4 Cres LN thee 


Raccoon 


One raccoon inoculated intramuscularly with approximately 630,000 MIC 
LDoo’s of bat-rabies strain 2084 remained asymptomatic for 62 days, at which 
time it was exsanguinated. The animal’s serum was negative for neutralizing 
antibodies to rabies, and the brain yielded no viral agent when inoculated in- 
tracerebrally in mice. 


One-Day-Old Chicks 


Five of six 1-day-old chicks inoculated intracerebrally with bat-rabies strains 
1009-13 and 1248 survived periods of from 46 to 107 days with no clinical evi- 
dence of disease. The sixth bird developed clinical symptoms of rabies, in- 
cluding incoordination and leg weakness on the twenty-ninth postinoculation 
day, followed by paralysis on the thirtieth day, at which time it was sacrificed 
(TABLE 3). Serum specimens drawn from all 6 inoculated birds on the day of 
sacrifice were positive for rabies-neutralizing antibodies. 

Five control chicks inoculated intracerebrally with normal mouse brain sus- 
pension were sacrificed after a 63-day observation period with no signs of dis- 
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TABLE 3 
EXPERIMENTAL INFECTION OF 24~-HouR Cuicks WITH BAT-RABIES VIRUS 


| 


Serum mau Gentice 
‘ 7 os s ‘hick studies 
Bat-rabies strain No. aS as eS Remarks 
Day* Log NIt 
1009-13 ; 1 46 4.0 Asymptomatic 
(Fifth mouse-brain 1088 107 Pe) 
passage) 
| 2 46 4.0 Asymptomatic 
f 
| 3 30 canis) Clinical rabies. 
Virus recovered 
4 | 54 4.0 Asymptomatic 
1248 — 5 1035) 4.0 Asymptomatic 
(Third mouse-brain 103-3 
passage) 6 65 2-0 Asympotmatic 
Controls NMBi 7-11 | 63 0.0-0.5 Five normals 


* Postinoculation day. 
+ Log neutralization index. 
+ NMB: normal mouse brain. 


ease, and sera collected at the time of sacrifice were negative for neutralizing 
antibodies for rabies. 


Bats (Antrozous pallidus pallidus) 


After 8 days acclimatization in the laboratory, each of 10 asymptomatic 
A. pallidus pallidus was inoculated intramuscularly with approximately 13,000 
MIC LDsy’s of bat-rabies strain 2084. Of the 10 inoculated, 1 bat died the 
first and 2 on the third postinoculation day, and were discarded as nonspecific 
deaths. Six of the remaining 7 bats died between the fifth and ninth postinocu- 
lation days. It is noteworthy that 1 inoculated bat survived 70 days before 
death intervened. Individual attempts to recover the rabies virus from brain 
and salivary gland tissue of these bats by intracerebral inoculation of mice 
were futile, in spite of the appearance of characteristic pathology other than 
Negri inclusion bodies. Bacterial sterility controls were also negative. 


DISCUSSION 


Possible theoretical objection to serial passage of the various bat-rabies virus 
strains in mice on the grounds that such passage may tend to cause some fixa- 
tion of the virus is recognized. However, subsequent experimental infections 
by the subcutaneous route and isolation of the virus from salivary glands argue 
against any theory of virus fixation. 

Other workers! ? have demonstrated that rabid hemophagous and fructivo- 
rous bats are capable of transmitting rabies and may recover and transmit the 
disease as asymptomatic carriers. However, we have been unsuccessful in 
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our attempts to prove naturally infected and laboratory infected indigenous 
insectivorous bats (7. mexicana and A. pallidus pallidus) capable of trans- 
mitting the disease by natural means to monkeys under conditions of induced 
association or by biting experiments on guinea pigs and mice. The bite of the 
rabid T. mexicana was quite capable of penetrating the skin or ears of the con- 
tact animals. Recovery of rabies virus from the brain and salivary gland tis- 
sues of the infected bats indicated their potential capabilities for transmission. 

In the induced-association experiment involving infected bats and normal 
monkeys, the natural curiosity of monkeys caused them to examine-a number 
of the infected bats. Consequently the monkeys were bitten several times on 
their hands and fingers before they could relieve themselves of the bats. The 
reaction on the part of confined monkeys after being bitten was to attack the 
bats, tear them apart and, at times, consume them, thereby affording oppor- 
tunity for further exposure. This type of experience is probably duplicated 
to a certain extent in nature by predatory animals in their search for food. In- 
deed, data gathered by Twente!’ suggests that predators are important limiting 
factors in the maintenance of Tadarida populations. This suggested the pos- 
sibility that insectivorous bats infected with rabies might be a reservoir for the 
maintenance of the sylvatic disease. Such a hypothesis could explain some of 
the bizarre geographical and cyclic disease patterns in wildlife rabies where 
outbreaks of the disease occur in rapid succession in widely separated regions 
of the United States. 

Results obtained by banding” suggest that the pattern of movement behavior 
for insectivorous bats is an erratic one, in that bats banded in one cavern and 
released elsewhere will infrequently return to their original habitat, but will 
quite often fly to other caverns not in the direct line of flight from the point of 
original release. These transient individuals, if infected with rabies, would 
appear to offer excellent exposure possibilities for predatory animals that in- 
habit the same caverns. 

However, if a parallel may be drawn between the habits of predatory animals 
in nature and the action of confined monkeys of the laboratory in attacking 
and consuming infected bats, ingestion does not appear to contribute to the 
mode of transmission and perpetuation of the virus in nature. 

We experienced no difficulty in infecting bats either intracerebrally or periph- 
erally. This lack of tolerance on the part of the indigenous bats for the bat- 
rabies virus by peripheral inoculation does not suggest that the virus has existed 
among the Molossidae for a sufficient time to produce an established relation- 
ship, as manifested by diminished virulence for the host. However, we were 
unable to recover rabies virus from a group of intramuscularly inoculated 
A. pallidus pallidus that received viable virus based on simultaneous titration 
of the inoculum in mice that yielded an LDso titer of 10-°*. The absence of 
the virus in the dead animals may have been due to enzymatic destruction of 
the virus in the dead cells or to a phenomenon referred to as an autosterilizable 
neuroinfection, a condition postulated in rabies, among other neurotropic virus 
diseases, by Levaditi, Sanchis-Bayarri, and Schoen" which presupposes that 
the reaction of the host is so efficient that the virus and the host are destroyed. 
No rational answer appears to be available immediately. 
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: While interspecific comparisons are not entirely valid, the results obtained 
in other animals inoculated with the various bat-rabies isolates used in the 
present study do not suggest an attenuation of the virus. Apart from a re- 
duced capacity for negrigenesis, there appears to be little difference, in our 
hands, between the biological characteristics of bat-virus strains studied and 
those characteristics normally associated with street virus. Despite a tendency 
toward a negative Negri pattern, there is a high degree of infectivity for several 
laboratory animals and for goats. The fact that 4 of 8 rabbits could be readily 
infected subcutaneously with a mean incubated period of 22.5 days is of con- 
siderable interest. In our hands, the incubation period of rabies caused by 
street virus is from 15 to 30 days for rabbits when the virus is introduced into 
the brain. Establishment of infection via the relatively less susceptible sub- 
cutaneous route of entry by the bat-rabies virus attests to its invasiveness and 
virulence. Also, the numerous isolations of the virus from salivary glands of 
infected animals indicate that it is not a fixed virus. 

The failure of infected bats to transmit rabies to confined monkeys and other 
laboratory animals suggests that a certain inherent mechanical deficit existed 
that prevented these animals from transmitting the disease. The thickness of 
the cartilaginous tissues of the ear and the skin layers of the guinea pig appeared 
to govern the extent of the penetrating wounds that 7. mexicana and A. pallidus 
were capable of inflicting. In no instance did A. pallidus penetrate the skin 
of guinea pigs in bite experiments to sufficient depth to produce hemorrhage. 
Only localized edema without extravasation of tissue fluids was noted. This 
inability to produce a deep, penetrating wound may be one of the reasons for 
our negative transmission studies. 

Previously reported,® and contrary to the negative host-transmission results, 
however, is the presence of antirabies-neutralizing antibody in large numbers 
of, and the isolation of rabies virus from, asymptomatic bats collected in nature. 
These data suggested that a certain tolerance or diminished virulence in the 
host-virus relationship did exist, and suggested further the possibility of in- 
fection and recovery among the indigenous bat population. Asymptomatic 
carriers, if capable of transmitting the disease, would be a formidable problem 
from the standpoint of preventive medicine because of the lack of self-limiting 
factors. 

Statistical analysis of our unpublished bat serologic data compiled during 
the last 4 years of study of multiple bat sera pools revealed that the probable 
estimate of incidence of rabies-neutralizing substances for bat populations of 
2 species of Molossidae was 15.4 per cent, with 95 per cent confidence limits of 
12.5 per cent and 17.9 per cent, and for 5 species of Vespertulionidae was 5,1 
per cent, with 95 per cent confidence limits of 2.0 per cent and 9.4 per cent. 
Computations were based on normal approximations to the binomial distribu- 
tion of percentages. It is believed that some importance may be attached to 
the significantly lessened incidence of rabies-neutralizing substances in the 
Vespertilionidae as compared with the Molossidae. The migratory habits 
known for T. mexicana, whose population makes up a large percentage of the 
Molossidae (composed of 2 genera and 6 species) in contrast with the hibernat- 
ing behavior exhibited by Vespertilionidae offer an essential physical require- 
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ment for interspecies transmission with the known rabies-infected vampire 
bats (Desmodus sp.) of Mexico. The social behavior of clustering according 
to species is quite selective for colonial bats; in this respect, one might speculate 
that migrant infected members of the Molossidae, in competing with the indige- 
nous Vespertilionidae in habitat selection, present the necessary opportunity 
for the chance infection of the latter. 

Although positive serologic findings previously reported have suggested that 
nonfatal infections might occur, they are by no means proof that they actually 
do occur. Certainly the lack of survivors among the laboratory-infected bats 
does not support such a thesis. 

Experiments conducted by Pawan!” with both laboratory infected and 
naturally infected bats demonstrated the capabilities of the vampires and fruit- 
eating bats to recover from a clinical infection and continue to be capable of 
transmitting the virus for prolonged periods. 

Among the scores of insectivorous bats that were inoculated by peripheral 
and intracerebral routes with varying doses of bat-rabies virus we have yet to 
find a single individual exhibiting a frank illness followed by recovery based 
upon a 70-day observation period. 

The possibility of latency of infection should not be dismissed, even though 
we were unable to observe this phenomenon under the conditions described in 
our experimental methods. To public health veterinarians charged with the 
responsibility of control of rabies reservoir-type animals, latency of infection 
would be of great significance. If indigenous insectivorous bats were true 
carriers of rabies virus, there would be no self-limiting mechanism to assist these 
disease-control specialists. 

The irregular appearance and low incidence of Negri bodies in infections with 
the bat-rabies strains studied emphasize the danger of relying upon microscopic 
examination alone in diagnosing bat rabies. 

Bat rabies awaits further extensive study and investigation for clarification. 
Meanwhile, in spite of our negative results in transmission experiments, re- 
peated isolation of bat-rabies virus from salivary glands and from mouth swab- 
bings of infected bats emphasizes our opinion that persons bitten by bats should 
consider such incidents as potential rabies exposures, and these cases should be 
evaluated for vaccine prophylaxis. 


SUMMARY 


Six strains of bat-rabies virus isolated from naturally infected bats (7. 
mexicana) were used in transmission experiments and in studies of the suscep- 
tibility of other animals to the virus. 

Monkeys in close confinement with groups of bats (7. mexicana) experimen- 
tally infected with bat-rabies virus and with a naturally infected group of bats 
did not contract rabies nor develop demonstrable neutralizing antibodies against 
rabies virus. We observed biting of the monkeys by the rabid bats and in- 
gestion of some of the bats by the monkeys; and rabies virus was isolated from 
the salivary glands of a significant number of the rabid bats. Susceptibility 


of the monkeys to fatal infection with bat-rabies virus was later proved by 
intracerebral challenge. 
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Guinea pigs and white mice bitten numerous times by bats (A. pallidus 
pallidus) experimentally infected with bat-rabies virus failed to contract rabies, 
although isolation of rabies virus from the salivary glands and mouth swabbings 
of a significant number of the rabid bats was accomplished. The guinea pigs 
failed to develop demonstrable neutralizing antibodies to rabies virus. 

Experimental infections of monkeys, goats, rabbits, guinea pigs, hamsters, 


mice, and chicks with bat-rabies virus were accomplished. 


Laboratory infection of 4 of 8 rabbits and numerous bats (7. mexicana) by 


subcutaneous inoculation and isolation of the bat-rabies virus from salivary 


glands of a number of the rabid animals indicate that this studied agent has not 
assumed the characteristics normally associated with those of fixation. Neither 
is the virus of indigenous bat rabies considered to have assumed an abberrant 


- form in this unusual host. 


Among bats (T. mexicana and A. pallidus pallidus), goats, rabbits, guinea 
pigs, hamsters, and mice experimentally inoculated with bat-rabies virus, none 
showed apparent recovery from clinical rabies. 

Regardless of our negative results in transmission experiments, the repeated 
isolation of bat-rabies virus from salivary glands and from mouth swabbings of 
infected bats emphasizes our opinion that persons bitten by bats should con- 
sider the incident as a potential rabies exposure, and that these cases should be 


- evaluated for vaccine prophylaxis. 
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NEWER TOOLS FOR THE PREVENTION OF RABIES 
IN DOMESTIC ANIMALS 


By Merlin L. Kaeberle 


College of Veterinary Medicine, University of Illinois, Urbana, Ill. 


The occurrence of rabies in domestic animals is a problem of major im- 
portance in the United States and in many other countries of the world. Of 
primary concern to the veterinarian and physician is the resulting exposure 
of many human beings to the dread disease. A large percentage of our human 
exposures is due to contact with rabid animals classified as domestic. The 
number of reported cases of rabies in the United States during the ten-year 
period 1947 to 1956 is shown in TABLE 1, which also serves to indicate the high 
percentage of cases reported in domestic animals as compared to other species. 
The problem is also an economic one, since the number of cattle and other 
valuable animals that succumb to the disease is substantial. The loss of 
valuable breeding stock is a serious matter for, all too often, these animals 
cannot be replaced even though an indemnification is paid. Consequently, 
prevention of the disease in these animals is of more than minor interest. 

The development of prophylactic agents has been essential for, once clinical 
signs of illness appear, the animal invariably dies. For this reason, ever since 
inception of the modern era of rabies research scientists have looked to agents 
that would prevent the disease. Previously, particular emphasis was placed 
upon prophylactic treatment of animals and humans following exposure to 
the disease rather than upon pre-exposure immunization. 

Extensive experimentation by Louis Pasteur and his associates in the early 
1880s culminated in the immunization of dogs against the disease by 1884. 
This research, employing the use of vaccine in animals, led to the successful 
administration of vaccine to human beings in 1885 and 1886.%: *:” The 
basis for the Pasteur vaccine was a virus modified by serial passage through 
rabbits until it had become “fixed.” The virus was further reduced in virulence 
by desiccation of the virus-infected rabbit spinal cords over caustic potash. 
During this same period Galtier!’ was concerning himself with the protec- 
tion of herbivorous animals against rabies. He subsequently administered 
street virus intravenously to sheep, challenged them with the homologous 
strain introduced subcutaneously, and reported an immune response. In 
1888 Roux and Nocard‘! reported experimental studies in which rabbit-brain 
emulsion containing live rabies virus was administered intravenously to cattle 
and sheep that were later challenged with street virus by the intra-ocular route. 
Live virus was also administered by Moncet*’ and by Krasmitski,”* who 
concluded that it was a safe and efficacious method. Living fixed virus was 
administered to dogs by Schniirer,” who reported favorable results. 

Modifications of the Pasteur vaccine were soon forthcoming as additional 
workers entered this field of research. Thus in the early 1890s Hogyes, 
working at the Pasteur Institute of Budapest, Hungary, developed a vaccine 
that bears his name. This vaccine, prepared from fixed virus and further 
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TABLE 1 
REPORTED CASES OF RABIES IN THE UNITED STATES: 1947 to 1956%° 


Year Domestic animals Other animals Man 
947 8192 728 26 
are 7676 819 13 
1949 6395 1192 10 
1950 6526 1375 9 
1951 6621 1387 14 
1952 6758 1674 Zu 
1953 7344 1479 14 
1954 SEyidl 1697 8 
1955 3924 1915 5 
1956 3757 2079 10 


reduced in virulence by a multiple-dilution method, has been used extensively 
for immunizing domestic animals. The results of these immunizations were 
summarized by Aujesky,! who concluded that the vaccine was quite effective. 
Experimental work conducted by Meissner** in which fixed virus was admin- 
istered to calves and sheep by various routes indicates that immunity was 
induced by several doses of vaccine containing virus from freshly harvested 
brain-tissue material. 

A group of vaccines that have been used extensively in the prophylactic 
antirabies treatment of man and animals are those containing inactivated 
virus. Since there are many vaccines of this type, only a few will be mentioned. 
Phenolized vaccine, first developed by Fermi’: !° as a prophylactic agent for 
use in man, has received wide application in domestic animals. The vaccine 
was modified by Semple” in 1911 and tested in animals prior to its extensive 
use in humans. Umeno and Doi*® adopted this type of vaccine for use in 
immunizing dogs by a single-injection technique, and the results achieved 
from administering the vaccine to about 15,000 dogs were quite promising. 
In 1922 Eichorn and Lyon® introduced the method into the United States 
where they used it experimentally. Based upon evidence presented by these 
investigators, the vaccine was adopted for use by a number of health depart- 
ments, but it was necessary to alter the method of vaccine preparation slightly 
when Schoening* demonstrated the presence of live virus in it. 

As research progressed, other agents were employed for the inactivation 
of rabies virus in the preparation of vaccines. Kelser”* prepared an antirabies 
vaccine by treating fixed virus with chloroform. The efficacy of this vaccine 
was demonstrated by Kelser, by Schoening,® and by Leach.** A departure 
from chemical inactivation was made by Hodes, Lavin, and Webster'® in 1937, 
when they used ultraviolet irradiation to inactivate fixed virus. Habel!” also 
prepared a vaccine of this type and reported on its potency as an immunizing 
agent. This vaccine was incorporated in duration-of-immunity studies con- 
ducted at the Communicable Disease Center, Atlanta, Ga., and the results 
are indicated in TABLE 2. However, the irradiated vaccines have never re- 
ceived extensive use in the field. 


Although many modifications of the original Pasteur vaccine and the in- 
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TABLE 2 
SUMMARY: COMPARATIVE CANINE RABIES VACCINE EXPERIMENTS”? 


are Route | ».;: * She Period 
Vaccine Beat ene one Ls aes to Author 
| Bram tissue (phenolized).........| S.C. G/sa 145 12 months | Johnson?! 
DL SSR pr | — | 41/52] 78.9 
~ Modified live virus (chick em- | 

8) re I.M. 0/25 0 12 months | Koprowski 
Brain tissue (phenolized).........| S.C. | 3/22 1326 and Black®? 
| _ TAU eee — | 18/25 12 
Modified live virus (chick em- | 

RMON ne cele © ter wore 'n: h che 5 soviet TMs |) 3725 12.0 24 months | Koprowski 
Brain tissue (phenolized).........| S.C. 8/19 | 42.1 and Black*? 
OEE Se SS ee yee ee — | 21/23 91.4 
Modified live virus (chick em- 

15750) AU pe QR eee ee IM. | 0/32 0 24 months | Tierkel, Kiss- 
Brain tissue (phenolized).........| I.M. 0/30 | O ling, Eidson, 
Brain tissue (ultraviolet irradiated)| I.M. 0/31, 0 and Habel*® 
Brain tissue (benzene, ether 

ME ECUEE SH WER re Meher 2. hess aro x = I.M. 0/30 0 
Bassects on. a ss. Salem 2 oss — | 18/33 54.6 
Modified live virus (chick em- 

518720) Lon cc eae eee IM. | 0/30 0 39 months | Tierkel, Kiss- 
Brain tissue (phenolized).........| ILM. | 8/34 | 23.6 ling, Eidson, 
Brain tissue (ultraviolet irradiated) I.M. 7/30 | 23.3 and Habel*® 
SO TETEIS fee eae ies Ge welds woe — 31/36 | 86.1 


Symbols: S.C., subcutaneous; I.M., intramuscular. 


activated virus vaccines have been proposed and developed, their inadequacy 
has been illustrated by the never-ending attempts to develop a better pro- 
phylactic agent. The immunizing potential of some of these vaccines has 
been quite satisfactory, and their value in the control of canine rabies has 
been proved. However, other vaccines have been found to be lacking in 
antigenic activity.**°* There are still other disadvantages to the use of rabies 
vaccine of nervous-tissue origin. A significant number of nervous-type 
reactions result from the administration of vaccines of this type. This is 
usually exhibited as a postvaccinal paralysis that may be mild and transient 
or so severe as to cause the death of the animal. A second disadvantage 1s 
the rather limited duration of the immunity conferred by one injection of 
vaccine containing inactivated virus. A one-year period is most commonly 
accepted, although immunity probably persists for a longer period in some 
animals and for a shorter time in others. 
The last decade has been a period of marked progress in the field of rabies 
immunology, and this is due primarily to the development of a modified live 
virus vaccine (Flury strain) grown in chicken embryos. Leach and Johnson® 
isolated this strain of virus from the tissues of a girl who had died of rabies. 
Johnson subsequently carried the virus through 136 intracerebral passages 
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in day-old chicks. After two additional passages in chicks Koprowski and 
Cox were successful in adapting the virus to the developing chicken embryo.” 
The serial passage was then continued in embryonated eggs, with a significant 
change in the virulence of the virus noted between the fortieth and fiftieth 
egg-passage levels. At this stage the virus demonstrated a reduced virulence 
for hamsters and guinea pigs, and a loss of virulence for rabbits and dogs 
when administered parenterally. Further experimental work was conducted 
to determine whether or not the virus had retained its antigenicity. A group 
of dogs inoculated with the virus material and later challenged .with virus 
of the NYC strain demonstrated a good immunogenic response to the virus.** 
This finding was the basis for the production of vaccine prepared from the 
fortieth to fiftieth egg passage of the Flury strain virus. It is commonly 
known as low egg-passage (LEP), modified live virus, Flury strain, and has 
been extensively tested in the laboratory and in the field. 

The development of the Flury-strain vaccine initiated extensive experimental 
activity. As with all new biological products, the use of this vaccine, both 
experimentally and in the field, raised the usual questions concerning its 
safety and efficacy. A number of experiments were designed to demonstrate 
the relative effectiveness of the rabies vaccines commonly used in this country 
for protecting dogs against rabies. A summary of these studies is given in 
TABLE 2. In this table are included the results of the important challenge 
experiments conducted to evaluate rabies vaccines in dogs. A comparison of 
brain-tissue vaccines with modified live virus vaccine, Flury strain, indicates 
that all vaccines tested induced some degree of resistance to challenge with 
street virus. However, it appears that the modified live virus is a superior 
antigen. The 39-month duration-of-immunity study conducted by Tierkel ef 
al. at the Communicable Disease Center shows quite conclusively that modified 
live virus vaccine, Flury strain, produces a significantly greater degree of im- 
munity than do inactivated-virus brain-tissue vaccines 39 months after vaccina- 
tion. 

Studies concerning the efficacy of modified live-virus rabies vaccine were 
not confined to the laboratory. Limited field trials had been conducted prior 
to 1950, when the Expert Committee on Rabies of the World Health Organiza- 
tion (WHO), Geneva, Switzerland, recommended a demonstration program 
of rabies control.’ This was to include the mass immunization of dogs with 
chicken-embryo vaccine. The demonstration was carried out in the state of 
Israel, where rabies had been a continuous problem for several years preceding 
1950, despite control efforts. The mass immunization of dogs with modified 
live-virus vaccine, in conjunction with other control measures, reduced the 
number of reported rabies cases to less than ten yearly during 1951, 1952, and 
1953.2 The effectiveness of mass immunization of dogs with chicken-embryo 
vaccine was again demonstrated in the Federation of Malaya. Although 
rabies had existed there since 1924, a federally sponsored rabies control pro- 
gram, including mass canine immunization initiated in 1952 practically elim- 
inated the disease from the country. 

Modified live rabies virus has been in use in the state of New York since 
1950. During that period more than 300,000 dogs have been administered 
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TABLE 3 
EFFECTIVENESS OF RABIES VACCINES IN PupPpPrEs?® 


Response to challenge 


Vaccine ne 
Rabies death rate Per cent deaths 
| B¥ombed' hve virus (LEP)...<............. 6/20 30 
mraccissne (pbhenohzed).......-..2..2.... 6/20 30 
OONTEEUISS 0-8 See yak 100 


Puppies 2 to 4 months of age at time of vaccination. The time between vaccination and 


- challenge varied from 54 to 242 days. 


the vaccine at canine vaccination clinics. The routine investigation of every 
reported case of canine rabies during that same period has revealed that only 
four of those dogs later succumbed to rabies, despite the enzootic occurrence 
of the disease in the state. 

The immunogenic response of puppies to the antigenic stimulus of rabies 
vaccine has long been questioned. The minimum age at which dogs might 
be successfully immunized against the disease was a matter of opinion. Ko- 
prowski”’ conducted studies utilizing two- and three-month-old puppies that 
were administered LEP Flury strain vaccine, but the findings were rather 
inconclusive. Kissling and his associates” carried out an experiment in which 
two- to four-month-old puppies from nonimmune dams were administered 
rabies vaccines and were later challenged. The results of this study are shown 
in TABLE 3 and indicate that immunity was induced by the vaccines. How- 
ever, the findings of the experiment hinted that puppies do not respond as 
well to an antigen as do adult dogs. In 1956 a study was conducted by state 
and CDC veterinarians in the New York State Department of Health, Albany, 
N. Y., in cooperation with workers at Lederle Laboratories Division, American 
Cyanamid Company, Pearl River, N. Y. Puppies ranging in age from 5 to 16 
weeks were administered either LEP Flury or HEP Flury vaccine, and five 
months later they were challenged with NYC-strain virus. The results of 
the challenge are given in TABLE 4; while there was protection against exposure, 
the degree of immunity was not of a level that might be expected in adult 
animals. In TABLE 5 the test animals are grouped by age at the time of vac- 
cination and the results of challenge are shown. It is thus quite well demon- 
strated that puppies less than 11 weeks of age do not respond as well to vaccine 


TABLE 4 
RESPONSE OF YOUNG Docs TO CHALLENGE 


Results of challenge 
Vaccine = — — 
Number injected Number dying Per cent 
Modified live virus (LEP).....-------- My | i ri 
Modified live virus (HEP).....------- 23 ) of 
(asinine. of oe Oe PaO n ater mares 28 | 26 92.8 
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TABLE 5 
EFFECTIVENESS OF RABIES VACCINE IN PupPIES AT VARIOUS AGE LEVELS 


Age at vaccination Rabies mortality ratio Per cent mortality 
BuO! PeWeCKSe aH te eas ae ete ee en 11/18 ee 
St owl Onmeclisuitan te eines Cara oie ener 10/16 6 
{ito UOuweeks: sere ee ci eses enone er cena 3/16 18. 
Gontrolsiantonl OnyyCeks see eee errr ee 26/28 93.0 


as do older animals. In young animals there appears to be a maturation factor 
that must be present to permit the type of antigenic response found in older 
animals. 

The occurrence of rabies in cats and the immunization of this species against 
the disease also has been a matter of study during the last decade. Information 
concerning the epidemiology of rabies in cats and the effectiveness of rabies 
vaccines in protecting these animals against the disease has accumulated 
gradually. Cats are probably unimportant vectors of the disease in nature, 
due to a number of factors. Recent studies*® have shown that cats and kittens 
are more resistant than dogs and puppies to challenge with street virus by the 
peripheral route. Also, the inherent nature of cats and their behavior probably 
serves to limit the possibility of their exposure. While this is the case, it 
appears that the great majority of cats that develop rabies exhibit the furious 
form of the disease. The individual rabid cat therefore is a threat to man 
and other animals. 

Laboratory studies concerned with the response of cats to rabies vaccines 
have demonstrated the effectiveness of these prophylactic agents. Koprow- 
ski? vaccinated cats with LEP Flury vaccine and subjected these animals 
to challenge 39 days later. The results of that study show that the vaccine 
induced a significant degree of protection. In an experiment conducted in 
the state of New York? it was shown that LEP Flury vaccine, HEP Flury 
vaccine, and phenolized brain-tissue vaccine provide an antigenic stimulus 
to impart a significant degree of immunity 70 days after vaccination (TABLE 6), 
However, the results would indicate that the nervous-tissue vaccine is probably 


TABLE 6 
EFFECTIVENESS OF ANTIRABIES VACCINES IN Prorectinc Cats AGAINST RABIES 


Vaccine Response to challenge 
‘ Survived 
Type Dose Route corse 
Number Per cent 
Comino Seem, een eae een = — 26 4 15 
Modified live virus (LEP)... 1.5m. | 1M. 26 18 69.2 
Modified live virus (HEP)..... LeSrmile I.M. 24 18 75.0 
Brain tissue (phenolized)...._. 3.0 ml. Se 27 26 96.3 


Symbols: I.M., intramuscular; Seer subcutaneous. 
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‘a superior antigen in adult cats. Experiments conducted thus far have not 
yprovided data concerning the duration of immunity in cats. 

The safety of rabies vaccines when administered to cats has also received 
consideration. Although the safety of brain-tissue vaccines for felines has 
been little studied, phenol does not appear to be a serious problem.*: ” Ac- 
»cumulated experimental data indicate that cats under six months of age should 
not receive modified live-virus rabies vaccine. Young animals are apparently 
more susceptible, and an occasional kitten will succumb to LEP virus inoculated 
peripherally. Although this age factor exists, the maturation point after 
which greater resistance is demonstrated has not been determined in cats. 
~The occurrence of rabies in cattle and sheep has been a problem for many 
years, with the most emphasis placed upon prophylactic treatment of exposed 
animals. The epizootiology of rabies in cattle was little considered prior to 
outbreaks of vampire bat rabies in the cattle of Central and South America. 
Added impetus to these studies was given by the occurrence of bovine rabies 
in the United States caused by a spillover from the wildlife reservoir. Cattle 
are apparently quite susceptible to rabies virus. This is confirmed by obser- 
vations of the high mortality following field exposures, and by the suscepti- 
bility to LEP Flury virus® *! and experimental challenge inoculations." # 
These findings have increased our knowledge of the disease in this species and 
brought further progress in rabies prophylaxis. 

The greater part of the recent experimental work concerned with the im- 
munization of cattle against rabies has been carried on in connection with the 
modified live-virus vaccines. Since LEP Flury vaccine had proved to be so 
effective in the immunization of dogs there existed the possibility of its use in 
cattle. Gomez, Black, and Koprowski’ instituted a study in Colombia to 
determine the efficacy of LEP and chloroform-inactivated rabies vaccine of 
nervous-tissue origin (Kelser method). Extensive serum-neutralization tests 
and challenge procedures were incorporated in this study, which demonstrated 
the ability of both vaccines to induce immunity in cattle. Shortly thereafter, 
Schroeder and his colleagues“ conducted an extensive field study in Honduras, 
Costa Rica, and Guatemala, with particular emphasis on the immunization of 


cattle against vampire bat rabies. In these studies the immunogenic potency 
of LEP Flury vaccine was shown quite conclusively. However, field use of 
the vaccine demonstrated a susceptibility of cattle to this virus, for it was 
deemed to be the cause of paralysis and even of death in an occasional animal, 
Since its safety was questionable, the use of the vaccine in the bovine was 
contraindicated, and its use largely discontinued. 

The search for a prophylactic agent that could be used successfully in cattle 
continued; HEP Flury-strain vaccine was the next to be investigated, Con- 
tinued serial passage of the Flury-strain virus in embryonated chicken eggs 
had resulted in a further change in the virulence of the virus at egg passages 
176 and 182. While suckling mice would still succumb to the virus when it 
was administered intracerebrally, it no longer would kill adult mice. The virus 
was also found to be apathogenic for rabbits and dogs by the same route. 
Since there was a possibility of using this for the immunization of cattle, Kop- 
rowski, Black, and Johnson* conducted laboratory studies to ascertain the 
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immunogenic potency of this virus in cattle. This, together with field studies,* 
served to evaluate the vaccine in this species. The value of this antigen for 
immunizing cattle has thus been shown, and the vaccine is now used quite 
commonly for this purpose in many areas of the world. 

The postexposure treatment of domestic animals is a practice that has been 
carried on for many years. In fact, the earlier research was concerned primarily 
with the use of prophylactic agents following exposure. This continued to 
be the case until the advent of mass canine vaccination. Vaccines have been 
used widely in a number of European countries as post-exposure treatment. 
Although a substantial amount of information has accumulated from the 
administration of many types of vaccines, it is difficult to draw conclusions, 
due to the nature of the disease and the type of data available. 

The possibility of inducing passive immunity by injections of antirabic serum 
was proposed by Babes and Lepp” in 1889. The use of rabies antiserum was 
not commonly practiced during the ensuing years, since its efficacy was ques- 
tioned. However, Habel" reports that during this period a number of workers, 
including Marie, Fermi, Proca, and Shortt, were investigating its value as a 
prophylactic agent. The studies of Hoyt and Gorley'’: °° and of Habel,’ in 
which seroprophylaxis was used to immunize mice, served to revitalize efforts 
concerned with this approach. Additional experiments with guinea pigs dem- 
onstrated the value of antiserum in protecting laboratory animals. Koprowski 
has conducted extensive studies with hyperimmune serum in laboratory ani- 
mals and dogs in the development of a product for human use. Although the 
preventive effect of antirabies serum has been shown, it is not generally used 
for treatment of animals. This is due to its cost and to the conditions under 
which many exposures of domestic animals occur. 

The proper handling of dogs and cats exposed to the disease by a known 
rabid animal has long been a problem. It has been a usual practice to destroy 
such animals rather than to risk their acquiring the clinical disease and expos- 
ing other animals and, possibly, human beings as well. The alternative was 
to hold the animal in strict isolation for a period of 6 months. Recognition 
has now been given to postexposure treatment by using antirabies serum fol- 
lowed by 1 to 3 doses of chicken-embryo vaccine or 14 injections of nervous- 
tissue vaccine.’ If the animal has been vaccinated within 1 year with nervous- 
tissue or Keley-strain vaccine or within 3 years with LEP Flury vaccine, it is 
acceptable procedure to revaccinate the animal and place it in quarantine for 
30 days. This serves to indicate the faith placed in rabies vaccines. 

An inactivated rabies vaccine of duck-embryo origin was recently released 
for use in humans. Clinical and laboratory results reported by Peck, Powell, 
and Culbertson” indicate that the antigenic stimulus provided by this vaccine 
is quite satisfactory. It would seem that a vaccine of this type may have 
indications for use in domestic animals. Additional experimental work will 
be required to determine the efficacy of the vaccine in these species. 

The development and use of rabies vaccines have been discussed, but marked 
progress has also been made in the potency testing of vaccines. In the past 
decade Habel and Wright!® modified the potency mouse test that had been 
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in use for several years. Improvements in this method of assay were made to 
give more consistent results from the testing of inactivated-virus vaccine. 
Among the accomplishments has been the adoption of a standard challenge 
virus for use in testing vaccine potency. Since the potency mouse test could 
not be applied to the modified live-virus vaccines, it was necessary to develop 
a potency guinea pig test to be used for this purpose. This was accomplished 
and has now been a standard method for several years. These tests have served 
to provide better vaccines for the immunization of domestic animals. 


The past decade has thus been a period of great progress in the field of rabies 


prophylaxis in domestic animals. We now have tools that, if properly used, 
will serve to reduce greatly the incidence of the disease in this group of animals. 
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| Discussion of the Paper 

| Ernest S. TIERKEL (Communicable Disease Center, Public Health Service, 
\ilanta, Ga.): It seems entirely appropriate at this point to illustrate by means 
f field experience in rabies control the effects of this research in animal vac- 


‘a. Two examples of the many successful immunization programs of 


he last ten years may be cited here. Rabies in Memphis, Tenn. had been at 
substantially high, simmering level for years when it exploded into epidemic 
( ee in the early spring of 1948 despite an excellent program for the 
hollection of stray dogs. The organization of an intensified mass canine- 
‘mmunization campaign began swiftly. Ina single week in mid-April 23,000 
logs were vaccinated in 70 emergency inoculation clinics strategically located 
hroughout the city and county. In the ensuing months, positive reports 
i a to drop, until the last case of animal rabies and the last human anti- 
rabies treatment were reported in July (raBLE 1). The elimination of rabies 
trom both city and county was a new and refreshing experience for Memphis. 
A similar campaign was conducted in Houston, Texas in the fall of 1954. 
rom 1945 to 1954 Houston had been plagued by an annual average of 300 
nimal cases with 14 human deaths. During 1953 and 1954 the animal cases 
-ose to an average of 40 per month. In the last days of September 1954 an 
-ntensified 4-day program was carried out in which 45,000 dogs were vaccinated 
Pn 91 emergency clinics throughout the city and county. Here again the success 
| 
| 


TABLE 1 
AnIMAL RABIES CAsES IN MEMPHIS, TeEnNn., 1948 
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TABLE 2 
AniMAL Rapies Cases IN Houston, TEXAS 


1954 September 34—Mass immunization campaign 
October 38! 
November 25 
December 17 

1955 January J4i\ 
February 15 
March 18 
April 13 
May 9 
June 14 
July jy 
August 3 
September | il 
October | 0 


of this program can be seen by the gradual decrease in cases from October 
1954 to October 1955 (TABLE 2). 

Progress achieved in the over-all national incidence of rabies during the 
past decade is reflected in the annual reported cases, as shown in TABLE 3. 
The total number of cases in 1946 was 10,872. This declined steadily to 
5,844 cases for 1955, a decrease of one half. By the same token the human 
cases dropped from 22 in 1946 to 5 in 1955, a decrease of 77 per cent. Although 
in most parts of the country the dog still accounts for most of the cases and 
remains the most important vector of the disease, the striking decline in canine 
cases from 8384 in 1946 to 2657 in 1955 (68 per cent) is eloquent testimony to 
our efforts to control the disease during the past 10 years. 

We now come to measures taken for the prevention of rabies in man. Over 
the years, one of the problems in the specific biological therapy of exposed 
persons was the ineffectiveness of vaccine in cases of severe bite, especially 
those involving the region of the head, when the incubation period was too 
short to allow for the development of immunospecific protection. We have 
now largely solved this problem by the production of hyperimmune rabies 
antiserum, which can confer sufficient passive immunity during that critical 
early stage before the vaccine can stimulate active protection. Convincing 
experimental evidence from challenge-tested laboratory animals (Habel, 1945; 
Koprowski ef al., 1950) and from antibody studies (Atanasiu ef al., 1956) and 
natural-exposure studies in man (Baltazard and Bahmanyar, 1955) have 
established the value of the antiserum when it is followed by the usual course 


TABLE 3 
REPORTED CASES OF RABIES IN THE UNITED STATES* 


Ver Bur Wildlife | Guts | Livestock Man Total 
1946 8, 384 956 . “455 1 055 | 2? i a 
1955 2,657 1,915 5 et: 
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“vaccine. One serum injection of 0.5 ml./kg. of body weight is given as soon 
3 possible after the bite. Since this is a horse-serum product, precautions 
nould be taken to avoid anaphylactic reactions by testing the patient for 
sitivity. Antihistamines, ACTH, or cortisone seem to be useful when 
‘rum sickness occurs. 

The extent of the over-all rabies problem in the United States can be meas- 
red by the 50,000 human exposures occurring annually, each of which re- 
cuires the expensive, painfully long series of 14 to 21 daily vaccine treatments, 
- therapeutic-prophylactic regime requiring greater professional medical care 
san many other infectious diseases. An important phase of this problem is 
‘ve occasional occurrence in exposed persons of postvaccinal encephalitic, 
seurologic, and paralytic complications following administration of the pre- 
cribed series of rabies vaccine treatments. These reactions are believed to be 
ssue-specific isoallergic phenomena. Apparently they are related, not to 
ie rabies antigen present, but rather to some encephalitogenic component of 
; ye nerve tissue in the vaccine. They occur most frequently after the seventh 
mioculation and most often in persons who have had previous Pasteur treatment. 
2eports on the frequency of these complications vary, for example: 1 in O27 
'Cook et al., 1955), 1 in 600 (Pait and Pearson, 1949), 1 in 2025 (Appelbaum 
* al., 1953), 1 in 7200 (Sellers, 1948), 1 in 8500 (McKendrick, 1940). Experi- 
rents are currently proceeding in order to find new approaches that will lead 
‘9 an effective vaccination regimen without danger of damage to the central 
}ervous system. 
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PROPHYLAXIS AGAINST RABIES IN HUMANS 


By John P. Fox 


, eee 3 ee . h 
V4. Epidemiology, Department of Tropical Medicine and Public Health, 
ee) Tiilane University School of Medicine, New Orleans, La. 


Measures intended to prevent rabies in man may be divided into two basic 
categories: those taken before and those taken after the infecting bite. His- 
torically, since the ancient realization of the relation of dogs to human rabies, 
the first category has embraced measures to avoid being bitten and, since 
the early Nineteenth Century, measures to control canine rabies. In the 
second category, local cleansing treatment of the bite wound has been prac- 
ticed for centuries; acid treatment, since 1830.! Specific active immunization 
following suspected exposure has been practiced since the time of Louis Pasteur, 
With two important exceptions that will be indicated shortly, the foregoing 
states, in broad outline, the situation today with respect to the orientation of 
efforts to prevent human rabies. ; 

Important refinements, of course, have been introduced in the years since 
Pasteur, but without change in this basic orientation. These include the 
development and widespread utilization of canine immunization as an aid to 
control, improvements in methods of diagnosing animal infections as an aid 
to defining more certainly the individuals at risk, and development of a re- 
liable method? for measuring vaccine potency to help ensure effective immuni- 
zation. Despite these important technical advances, completely safe and 
reliable protection of man against rabies has yet to be achieved. 

Three recent developments, however, afford the basis for renewed hope. 
The first represents another example of technical advance and consists of the 
possible substitution of vaccine prepared in avian embryos—chicken** or 
duck®: *—for the conventional types of vaccine that are prepared from central 
nervous system (CNS) tissue of infected animals. Such a vaccine, being 
essentially free of CNS tissue, should not induce the tissue-specific sensitiza- 
tion postulated as the cause of the demyelinating reactions that too often result 
from the Pasteur treatment. The remaining two recent developments repre- 
sent the application of new principles or orientation. One, the introduction 
of hyperimmune serum,’ belongs in the after-the-bite category and is intended 
to protect the recipient by passively conferred antibody, against a disease with 
such a short incubation period that active response would be too long delayed. 
The other, which technically is still in the developmental stage, falls chiefly in 
the before-the-bite category and consists of the demonstration that, once in- 
duced, active immunity resulting from either conventional Pasteur treatment 
or a primary course of avian embryo vaccine can be recalled by a single booster 
inoculum.*: > With embryo vaccine this provides the basis for possible safe, 
long-term immunization initiated well before exposure in high-risk population 
groups. It also permits abbreviated (single-inoculation) and presumably 
safe postexposure treatment of those who previously have had a course of 
Pasteur treatment. 

This presentation will endeavor to describe briefly and clearly the salient 
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eatures of human antirabies prophylaxis at present. The major effort, however, 
all be reserved for the three important and most recent developments just 
mentioned. ‘Those readers desiring a more detailed and fully balanced review 


if the general problem are referred to an excellent and very recent paper by 
arl Habel.® 


The Situation After the Bite 


_ Presentation of the new information in proper developmental sequence 
‘aakes it necessary to ignore the obvious logical order and to begin with the 
situation that confronts us after the bite has been inflicted. 
- Determination of exposure. Because of cost, inconvenience, and actual 
.azard related to unnecessary treatment, an essential first step is to determine 
he likelihood of exposure. The first question is whether the saliva of the 
nimal was in contact with freshly abraded or lacerated skin. To answer 
Phis, one must determine whether a recent abrasion existed, whether the wound 
.vas really a bite rather than a scratch with the paw and, if so, whether the 
kin was really broken. Next, one must determine whether the saliva actually 
vas infectious. If the animal is not available for observation (that is, if it 
‘scaped or cannot be identified), the presumption of infectiousness must pre- 
ail, and specific treatment must be instituted. Otherwise, except in instances 
of very severe exposure that may be associated with a short incubation period, 
pecific treatment may await the outcome of diagnostic procedures, including 
»bservation of the animal. 

Since Negri bodies (the detection of which is the most rapid diagnostic 
srocedure) become more numerous and more certainly detectable as disease 
srogresses, diagnosis ordinarily is hastened by delaying sacrifice of the animal 
rintil signs of rabies are well developed. Mouse inoculation, which requires 
n additional 6 to 14 days, is indicated when contact has been well defined and 

egri bodies are not found since, of all infected animals, the brains of about 
12 per cent may be Negri negative.!? While demonstration of Negri bodies 
yr rabies virus in the brain proves that the animal was infected, it does not 
follow necessarily that the saliva at the time of the exposure-contact was 
mfectious. Not only does rabies virus completely fail to reach the salivary 
wlands in many instances (in 25 per cent in one series of 28 proved canine 
infections!: !), but it is not present in any case for more than a few days before 
‘obvious signs of disease appear. The available evidence is undesirably scanty 
in view of the crucial importance of this point, but it suggests that appearance 
‘of virus in the saliva is always associated with early signs of illness (that is, 

at least a slight rise in temperature) and is usually followed within no more than 
°5 days by clearly recognizable illness." ee Lite practical implication of this 
is that, if the animal is still well 5 to 7 days after having bitten, there was no expo- 
ssure to rabies even if disease becomes evident in the next day or two. One 
‘important exception to the foregoing relates to bats, which should be captured 
and sacrificed immediately for virologic tests, since the outcome of infection is 


yunpredictable in these species. 
Treatment of the bite wound. The fundamental consideration here is that 
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rabies virus may remain localized at the site of introduction for as long as 
twenty-four hours. Treatment is directed at destroying or eliminating an 
virus and, to the extent that it is successful, it may completely prevent infec- 
tion or so reduce the size of the infecting dose that the incubation period is 
extended. This simple, but very important, procedure should be carried out 
in all instances of animal bite without regard to the probability of rabies 
exposure. : ge ’ 

Modern studies agree that the classic method of acid cautery is quite effective, 
especially when carried out within the first few hours after the bite. However, 
other and less painful and disfiguring methods also are nearly as effective under 
experimental conditions; these include irrigation and scrubbing with soap or 
detergent solutions.’ * Recent observations by Perez Gallardo™ confirm the 
earlier work of Habel!t and indicate that local infiltration of antiserum is of 
real value. 

It must not be forgotten that bites may be infected with agents other than 
rabies virus, and that appropriate measures should be taken to combat these 
(that is, antitetanus and antibacterial precautions). 

Passive immunity. Active response to antirabies vaccine requires time in 
order than effective levels of antibody may be achieved (perhaps 20 days from 
initiation of treatment) and obviously cannot be expected to prevent a disease 
that occurs after unusually short periods of incubation, as is commonly the 
case in severely exposed persons. The obvious remedy for this situation is to 
supply the needed antibody at once by passive means. Perhaps because of 
the inconclusiveness of early observations,!*: !® until recently there has been 
little sustained interest in this approach. Experimental work demonstrated 
the high degree of protection afforded animals by systemically and even locally 
administered antiserum.":'! Somewhat later, the importance of early use of 
serum (within seventy-two hours) was demonstrated, and it was shown also 
that the maximum protection of animals requires antiserum supplemented by 
vaccme.s =" 

Since 1948 partially purified hyperimmune antirabies serum has been utilized 
on an experimental basis in man. In Georgia its use was restricted to persons 
suffering severe and certain exposure less than 72 hours before seeking treat- 
ment. By early 1953, 68 persons, none of whom developed rabies, had received 
antiserum. In each case a course of antirabic vaccine also was begun after 
injecting the serum.'* In 1954 the opportunity finally occurred to carry out a 
controlled antiserum trial that had been planned since 1950 by the World 
Health Organization (WHO) Expert Committee on Rabies. A rabid wolf in 
Iran attacked and bit 27 persons, of whom 17 were severely exposed by bites 
on the head. These latter were divided into 3 groups for treatment, the groups 
receiving respectively only vaccine, or vaccine plus 1 dose of serum, or 
vaccine plus 2 doses of serum (the second dose given after a 5-day interval). 
The rabies mortality ratios for these 3 groups were 3:5, 1:6, and 0:6, respec- 
tively." Sera were collected at frequent intervals from these persons”® and, 
on an experimental basis,®: 2!: 22 from unexposed volunteers receiving vaccine 
alone or with serum, and have been tested for neutralizing antibody. The 
resulting data indicate that even a single dose of serum, coupled with a full 
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»course of vaccine, ordinarily results in the continuous presence of antibody 
during the 50- or 60-day period of observation after injection of the serum. 
However, especially with marginally effective vaccination, active response 

may be partially or even completely suppressed because of the antiserum, 

this suppressive influence being more pronounced with 2 doses of serum than 

with a single dose. Hence, while the mortality experience in Iran was better 

(though not significantly so) in the group given 2 doses of serum, it would seem 

safer on theoretical grounds to give but a single dose of serum and to couple 

it with vaccine of well-established antigenic effect. 
Antibody ‘‘solution” of equine origin is now generally available and should 


be used in all instances of severe exposure. In instances where rabies infection 
of the biting animal is not clearly evident, vaccine can be deferred pending the 


outcome of the usual observation procedures; in all other Cases, serum should 


be followed promptly by the vaccine. Use of serum in instances of less serious 


exposure is not mandatory and, in my own opinion, should be discouraged 
because of the relatively great frequency of serum sickness observed. 


Active immunization (Pasteur treatmeni). If circumstances make it necessary 


to assume that exposure has occurred, the use of antirabic vaccine becomes 
/mandatory. Unique among vaccines in that it is used afler exposure has 


occurred, its rationale depends on the stimulation of active response in time to 
prevent the usually slowly incubating infection from involving vital areas of 


the central nervous system (CNS). Since, in the individual instance, the 


incubation period cannot be predicted reliably and may be short, rapidity of 
response is greatly to be desired. Presumably for this reason, the course of 
immunization employed from the time of Pasteur to the present usually has 
been very intensive, although on a largely empirical, rather than solidly experi- 
mental, basis. Recent evidence to be discussed shortly suggests that fewer, 
but better spaced, inocula will stimulate a response with at least equal rapidity 
and magnitude. 

All antirabic vaccines consist of relatively crude suspensions of infected 
tissue. Until recently, all were prepared from the CNS tissue of animals 
(in the United States, usually that of rabbits). For the most part, the virus 
in such suspensions is inactivated by phenol (as in Semple-type vaccine) 
or by ultraviolet light. Harris-type vaccine, containing live fixed virus, 
is produced by one biological firm in the United States, and a similar live-virus 
vaccine is distributed by the Georgia State Health Department, Atlanta, Ga. 
Since live fixed virus apparently does not multiply in man, these live-virus and 
inactivated vaccines may be regarded as essentially similar. They should be 
effective in proportion to their antigenic content and the immunizing efficiency 
of the methods by which they are utilized. Also, they presumably possess 
equivalent capacities to cause undesirable complications such as sensitivity 
to the general animal protein, immediate allergic reactions (in persons already 
sensitive to the animal protein, perhaps because of a previous course of treat- 
ment) or, finally, demyelinating reactions of the CNS (or isoallergic encepha- 
litis) due to the development of organ-specific sensitivity to the CNS. his 
latter complication is the most serious and is the major reason for restricting the 
use of vaccine to cases in which the risk of not using the vaccine is carefully 
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evaluated as being greater than the danger of using it. This latter risk is 
variously estimated’ *4 (the maximum estimated frequency is 1 in 600), but 
is greater in persons who have had one or more previous courses of treatment. 
Case fatality may be as great as 25 per cent, but survivors usually manifest few 
permanent sequelae.” Me 

The occurrence of these complicating reactions, plus the incomplete effec- 
tiveness of specific prophylaxis, has resulted in recent times in a very vigorous 
reinvestigation of human immunization. Passive immunity, described above, 
appears to afford an answer to the problem posed by the disease that occurs 
after a short incubation period. Elimination of the CNS-specific tissue antigen 
and reduction in the capacity of the vaccine to induce sensitivity to the animal 
protein would resolve the problem of complications due to the vaccine. One 
obvious answer would be to grow the viral antigen in tissue other than CNS and, 
if possible, in a tissue poor in sensitizing proteins. Avian embryos provide a 
suitable host for viral growth from which CNS tissue can be readily eliminated; 
furthermore, embryonic proteins are very poorly antigenic themselves. How- 
ever, before vaccines of such different types can be recommended for general 
use, it must be shown that they are no less effective as viral antigens than 
those currently in use. 

Use of these vaccines in man has been studied independently*’ and also on 
a world-wide collaborative basis*':* under the guidance of the WHO Expert 
Committee on Rabies. This latter study, in particular, is very compre- 
hensive in scope, and has undertaken to make unbiased comparative tests, 
not only of vaccines of different types, but also of various inoculation schedules 
of such vaccines and of the combined use of antiserum plus vaccine as already 
described. Unfortunately, little of the WHO work with avian-embryo vac- 
cines has been completed at this time. 

The avian vaccine most extensively studied in man is that made from chick 
embryos infected with the high egg passage (HEP) Flury strain of virus.26 27 
This vaccine is used as a partially clarified suspension (40 to 80 per cent) of 
infectious chick embryo (often with penicillin and streptomycin added) with 
infectivity preserved by lyophilization and is given preferably in doses of 0.1 
to 0.2 ml. intradermally or 0.5 ml. intramuscularly. More than 550 primary 
immunizations have been given to volunteers with various dose and inoculation 
schedules, and more than 220 recall doses have been given to persons previously 
immunized with Flury vaccine or by the conventional Pasteur treatment. 
This fairly extensive use provides the basis for considerable confidence as to 
the primary safety of HEP Flury vaccine. Local reactions, especially after 
intradermal inocula, have constituted the chief, but still not very considerable, 
postvaccination complaint. Early work® made two points clear: (1) although 
alive, the HEP Flury virus (like fixed rabies virus) is not able to multiply in 
man, since response is directly related to the amount of vaccine inoculated; 
and (2) using closely spaced intramuscular inocula, excessive amounts of 
vaccine (12 to 20 gm. total dose of chick embryo) are required to elicit a satis- 
lactorily uniform response. Since immune response is dependent entirely on 
the viral antigen actually injected, and since this apparently is present in the 
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TABLE 1 


Time OF APPEARANCE OF ANTIBODIES FOLLOWING PRIMARY IMMUNIZATION 
WitH HARRIS, SEMPLE, AND HEP Fiury Vaccines 


| 
Inoculation data ‘Sunk Number of persons with antibody" 
a ‘of oe a. ee en Per cent 
j | sons in- responding 
Type of Total dose | Number Interval) oculated carer =alNt 
vaccine and route | of inocula | (days) | Ooh 105i Sh) 20.30) 60 
Harris 7.0 ml., S.C. | ? Oa ee GS. 0) 2) Ol Sle or 0-400 
Semple | 6.0 ml. S.C. | Som ft, Vier 10) Sas) 9-9), 0) 90 
> a ee OF Oriel LO TOTALS 1.00 
HEP 12 gm.,1.M.| 2,3,or6| 1-7 14 | Zou) SA) eh OU ih ee 
Flury 20 gm.,I.M.| 5, 10 Poraa 0 On? 7 7 8 | 9 | 100 
i 0.99 or 1.32 3or4 s 18 el) Syl) 28 |) aoa | silicn || reset CiKaley) 
gm., IM. | 
2.64 gm., | 4 5 Be A jes hied Wh eget Sul SeOal LOO 
I.M. plus 
0.64 gm., 
LD. 
| 0.12 to 0.96 3 5 49 OQ} 23°)-31 )39 1.38 136") 92 (94) 
gm., LB: | 
0.16 to 0.64 | 4 5 19 0} 8 | 14] 16] 18} 18) 95 
gm., I.D. 


* Antibody as indicated by survival of 3 or more of 6 mice inoculated with mixture of 
1:4 final dilution of serum and 100 LDs» of virus. 

+ Based on presence of significant neutralization in at least 1 serum specimen; apparent 
discrepancies between percentage shown and maximum number positive on any 1 day are 
due to individual variations in time of relatively transient low-level responses.’ Figures in 
parentheses are based on retesting sera found negative in the conventional test by means of 
the long incubation test. 

t Sera from these 10 persons were obtained through the courtesy of M. M. Kaplan, Vet- 
erinary Public Health Section, World Health Organization. These are the same individuals 
as group K in TABLE 3. 


vaccine only in marginally effective amounts, it became particularly necessary 
to determine the most efficient method of rapid immunization. 

Numerous small groups of volunteers were given different courses of vaccine 
including, for comparative purposes, Semple- and Harris-type vaccines. In 
TABLE 1 are presented data as to the time of appearance of neutralizing anti- 
body, and the over-all proportion responding in some of the groups manifesting 
the best responses. Although only the 2 most rigorous courses of Flury vaccine 
(with a total dose of 20 gm. or with combined intramuscular and intradermal 
inoculations) elicited a readily detected response in 100 per cent of vaccines, 
it is interesting that, as measured by rapidity of response (the proportion with 
antibody by the tenth day), Flury vaccine did better (47 per cent of 118 per- 
sons) than Semple and Harris vaccines combined (26 per cent of 38 persons). 
Also of note is the fact that 4 doses of Semple vaccine, spaced at 5-day inter- 
vals, did at least as well as 12 or 14 daily doses of Semple or Harris vaccine. 
In TABLE 2 are shown the available data as to titers of neutralizing antibody at 
15 and 30 days after initiation of vaccination in some of the same groups of 
volunteers. The best antibody titers among those given HEP Flury vaccine 
were in the groups receiving the 20-gm. total dose intramuscularly or a course 
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TABLE 2 
OBSERVATIONS ON LEVEL OF NEUTRALIZING ANTIBODY * FOLLOWING PRIMARY 
IMMUNIZATION wiTH HARRIS, SEMPLE, AND HEP FLury VACCINES AND, 
ror ComPARISON, Duck-EmMBRyO VACCINE 


Number of persons with anti- 
body titer ae ietianies range 
bc 
Type of Total dose |Number of] Interval eee ies gaa 4 
vaccine and route inocula (days) persons | inoculum F 
<4) 47) aot eel BS 
i 7.0 ml. 14 daily 9 15 2) 4. \3 
Bon SHC: 9 30 2.3. 1 
5 .O rl. 4 5 19 15 2 Aes ce oe ae 
oe ex 19 30 aly pre Sal Ss 
HEP Fl 70.0 ems) 5040 12 6 15 AN 3 
3 LM. 6 30 Sule s 
0.99 to 3or4 5 16 15 6 (9) 4 
2.64 gm. 16 30 D 8 4;1/1 
IM. 
2.64 gm. 4 5) 8 15 1 1 2 Neu heal 
IM. + 8 30 Bi |e) 
0.32 gm | 
1D): 
0.12 to 3 5 45 15 19 |} 16) 8 2 
0.96 gm. 45 30 Ly DA ES Sy 
Tes 
0.16 to 4 5 19 15 5 a Om 1 
0.64 gm 19 30 1 8 Cialis 
118) 
Duck em- 7.0 ml. 14 daily 21 15 1 | A 
bryot SH. 17 30 1 2 | 9S 


* As measured by testing serial twofold dilutions of sera in groups of 6 mice per dilution, 
using 100 LDs5 of challenge virus per intracerebral mouse inoculum. 

} The duck-embryo data, abstracted from the paper. by Peck ef al.7, appear comparable in 
that the same methods of determining neutralizing antibody were employed. 


of 4 intradermal doses alone or together with intramuscular doses with 5-day 
intervals. While the range of titers observed after the administration of 
Flury vaccine clearly overlaps those resulting from Harris or Semple vaccine, 
the fact remains that no course of Flury vaccine so far employed has induced 
response fully equivalent to that following Harris or Semple vaccine with 
respect to both uniformity and antibody level. A further point to note is that 
the 4-dose course of Semple vaccine induced antibody titers in essentially the 
same range as did the 14-dose course of Harris vaccine. Unfortunately, no 
comparable group was given a 14-dose course of the same lot of Semple vaccine. 

The growth of fixed virus in duck embryos®’ provided the basis for the more 
recent type of avian-embryo vaccine. Although first used as a “live-virus” 
vaccine® the product as recently licensed is inactivated by treatment with 
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8-propriolactone.’ This vaccine, as of the moment, has an apparent advan- 
tage over the HEP Flury vaccine in two or three respects. First, while it has 
been assumed on theoretical grounds that the Flury vaccine is free of neuro- 
paralytic factors, the duck-embryo vaccine actually has been found to be free 
in adjuvant tests in guinea pigs.” Second, the data reported for several lots 
suggest that in potency tests it consistently surpasses by two or more times the 
standard vaccine of the National Institutes of Health, Public Health Service, 
Bethesda, Md., whereas, for reasons not clear, Flury vaccine will not pass this 
test. Third, because of the potency test data, the duck-embryo vaccine has 
now been licensed for commercial production and is generally available. Rather 
surprisingly, however, the comparable available data as to antibody response 
to a course (14 daily doses) of duck-embryo vaccine, as shown at the bottom 
of TABLE 2, suggest that the level of human response is little better than re- 
sponse to a 4-dose course of Flury vaccine and considerably lower than that to 
Semple or Harris vaccines. It should be mentioned also that, insofar as it 
can be ascertained from published reports, the primary safety of HEP Flury 
vaccine for man has been tested far more extensively, by actual use in man, 
than that of duck-embryo vaccine. Direct comparisons of HEP Flury and 
duck-embryo vaccines are now in progress. 

Work with vaccines of CNS origin, inactivated with phenol, as carried out 
in the WHO-sponsored study,’ * is summarized in TABLE 3 with respect to 
time of appearance of antibody. The chief point of interest is that the 1- 
and 3-dose schedules were grossly less effective than those of 12 or 14 daily 
doses or even than that of 7 daily doses. Generally speaking, the results of the 
schedules with daily doses compared favorably with those of similar schedules 
with Harris vaccine as already presented. However, there seems an obvious 
disparity, perhaps related to differences in vaccine potency, between the results 


TABLE 3 


SUMMARY OF OBSERVATIONS AS TO TIME OF APPEARANCE OF NEUTRALIZING ANTIBODY IN 
Persons UNDERGOING PRIMARY IMMUNIZATION WITH PHENOLIZED VACCINES 
or Antimat CNS ORIGIN IN THE COLLABORATIVE WHO Triats* 


; ¢ Number of persons with Gvereil 
ad ae Smale Number Interval Bam bey antibody on day ber tent 
tion | (ml.) |° doses| days) | persons rs eae 

= 7 10 | 14 21 28 
E | 20% rabbit brain | 3.5 7 {Oyiled alld) Avia lode 80 
B | 206 rabbit brain| 0.5 | 7 | daily | 10 | 1 |2/8] 9} 9] 90 
Kt | 20% rabbit brain| 0.5 | 12 | daily | 10 eae oe ale 90) 
L’ | 50% goat brain | 2.0 | 14 | daily | 10 | NT$} 0| 8] 10} 10] 100 
N 5% goat brain a ie ee LON Cahid olf obald 70 
aL 20% rabbit brain} 0.5 | 14 | daily Gee Laledalees Onion a LOO 


* Adapted from papers by Atanasiu et yee 

+ As in TABLE 1. ; ; “he ze 

¢ Group K is the same group as that mentioned in TABLE 1 as receiving 12 doses of Sem- 
ple vaccine; the results shown in TABLE 1 were obtained in tests using 100 L.Doo of virus rather 
than 30 LDso as employed by the WHO collaborators. 

§ NT = not tested. 
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with 3 doses in TABLE 3 and those with 4 doses of Semple vaccine shown in 
TABLE 1, in each case with a 5-day interval. ' ~S 

To recapitulate briefly, when exposure must be presumed, active antirabic 
immunization is mandatory. A major hazard is isoallergic encephalitis, to 
avoid which embryo vaccines may provide the answer. Duck-embryo vac- 
cine has been licensed, whereas HEP Flury vaccine thus far has not been 
licensed. Although promising results have been observed after modified dose 
schedules, these must be confirmed before the usual 14-daily-dose treatment 1s 
abandoned. Management of exposure in persons who previously have had 
Pasteur treatment is a special situation now to be described. 


The Situation Before the Bite 


Broadly speaking, the preventive measures that should be taken before the 
bite fall into one or another of three main categories as follows: those that 
help to minimize contact between potentially infected animals and man; 
those directed at controlling rabies in domestic and wild animals; and those 
that may afford man specific protection in advance of exposure. For lack of 
space, I shall pass over the first two categories, remarking only upon two re- 
latively recent developments. The first of these is the availability and ap- 
parently superior usefulness of canine Flury vaccine*’ which, because of the 
long duration of the resulting immunity, is a potentially great adjunct to the 
control of canine rabies. The second, discussed at length elsewhere in these 
pages by K. F. Burns, is the emergence of extensive rabies infection in her- 
bivorous and insectivorous bats as a possibly important new factor in wildlife 
rabies. 

Measures falling into the third category, the specific protection of man in 
advance of exposure, have been possible in theory for a long time, but have 
been rarely practiced because of the risk associated with receiving antirabic 
vaccine of the types heretofore available. The advent of the presumably 
safe avian-embryo vaccines makes possible a very great change in this situa- 
tion, and considerable work has been done already with the HEP Flury vac- 
cine,*: ° as I shall try to indicate in the following summary. The observations 
in question suggest that primary immunization with HEP Flury vaccine or 
by means of Pasteur treatment (presumably including that with duck-embryo 
vaccine) provides a foundation immunity that conditions the recipient into 
responding rapidly to single stimuli given as much twenty or more years later. 
Upon such a basis one can build a long-term immunity by means of periodic 
booster inocula. 

About 64 persons who had received a primary course of HEP Flury vaccine 
were given single booster inocula of the same vaccine 5 to 48 months after the 
primary course; the results are summarized in TaBLE 4. It is of interest that 
small intradermal inocula elicited responses just as effectively as did the larger 
ones given intramuscularly. Although definite failures of response (in 3 
cases only) were observed only among those whose primary response had 
failed or was uncertain, there was observed a definite correlation between the 
maximum antibody titer after the primary course and that after the booster, 
This is shown in TABLE 5, and it suggests that, in terms of antibody level at 
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TABLE 4 
SuMMARY OF ANTIBODY RESPONSES OBSERVED IN PERSONS IMMUNIZED EXPERIMENTALLY 
WITH DIFFERING PRIMARY Courses OF HEP FLlury VAccINE AND GIVEN SINGLE BoostTEeR 
INOCULA OF THE SAME VACCINE AT FROM 5 TO 48 Montus Arrer PRIMARY IMMUNIZATION 


HEP Flury booster inoculum Number 
{a Response to z evan Number Range of maximum 
a primary course Booster responding* response titer (1: x) 
0.001—0. 16 TEN None 1 1 32° 
Dubious 5 3 > 32-96 
Yes 19 18(19) <4-256 
= —— —s EERE. [a —s 
0.33 LMS Dubious 2 2 >4 
Yes | 12 7(12) >4-32 
2.0 | IM. None 4 2(3) <4-> 256 
Dubious 11 11 <4—96 
| Yes 10 10 >4-> 1024 


* Figures in parentheses include instances in which response was likely but, because of in- 


least, best results with boosters are obtained after the more effective primary 
courses. However, without regard to the level of primary response, nearly 
three fourths of the 42 persons responded to the booster with titers of 1:32 or 
better. Some idea of the maintenance of antibody levels after primary and 
booster immunizations is given in TABLE 6. With respect to the primary 
course it seems clear that, except for the less common individual with a primary 
response titer of 1:32 or better, antibody persistence at a readily demonstrated 
level is likely to be brief. While the same relation exists in the case of the 
postbooster persistence, the pattern differs significantly in that the maximum 
titer after booster was usually 1:32 or better. In practice, therefore, it would 
seem that adequate levels persist in most instances for at least two years after 


TABLE 5 


CORRELATION OF MaximuM ANTIBODY Tirer ArrerR HEP Friury Booster 
AND Maximum TrirerR FOLLOWING PRIMARY CoursE OF VACCINE 


Number of persons with maximum antibody titer (1:x) 
Maximum antibody Total auaber of after booster inoculum 
titer (1:x) after persons - 

eae 0 <4* 4-7 8-31 32+ 
$2-- 5 2 

8-31 5 1 4 

4-7 6 1 1 4 

<4* 19 1 2 1 1S 

0) 7 3 1 ( 2 

INLIS Sep Eee 42 4 4 | 1 3 30 


* Symbol <4 as in TABLE 4. 
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TABLE 6 


RELATION BETWEEN Maximum ANTIBODY TITER AFTER PRIMARY COURSE AND 
ArrerR BoosteR OF HEP Frury VACCINE AND PRESENCE OF ANTIBODY 
AT SUBSEQUENT INTERVALS 


Presence of antibody at indicated intervals 


5 Months 12 Months 24 or more months 
Titer Maximum 
IUeEs titer 
following (1:x) Number with titer Number with titer Number with titer 
Total At Total . Total] « 7 
No No. No. 
<4* 4 or > <4* 4or> <n 4or> 
Primary ae 2 1 1 2 Z 4 4 
course 8-31 3 2 1 4 1 3 1 il 
4-7 if i 2 1 1 3 S 
<A* 8 7 1 16 15 1 6 6 
Booster 32+ 07 2 15 8 1 7 
8-31 1 1 0 
4-7 4+ 4 2 1 1 
<4* 1 1 1 1 


* The symbol <4 in this case may include sera devoid of antibody since many were nega- 
tive in 1:4 final dilution and not tested in lower dilution. 


a booster. 


Second, third, and even fourth (in one instance only) boosters have 
been given but, thus far, to an insufficient number of persons to permit defini- 
tion of the optimum spacing. 

As stated previously, Pasteur treatment itself provides a foundation im- 
munity upon which a program of maintenance immunity also may be built 
and which, in any event, carries important and long-persisting implications 


TABLE 7 


SUMMARY OF ANTIBODY Responses TO HEP Fiury Booster INocuLA* GIVEN 
TO PERSONS wiTH HisToRIES OF PREVIOUS PASTEUR TREATMENT 


Persons respondingt 
Years since last treatment Number of —| Range of maximum 
persons response titert (1:x) 
Number Per cent 
unknown 5 4 80 > 32—> 1,024 
35-40 4 i 25 128 
20-26 13 9 (10) 69 (77) <4->4, 100 
15-19 21 20 (21) 95 (100) <4-1,500 
10-14 20 20 100 32-2 ,048 
5-9 34 O33) 91 (97) 4-16, 400 
3-4 15 14 (15) 93 (100) 45-3 , 640 
1-2 18 16 (17) 89 (94) 38-> 4,096 
<Gil 6 ZA) 33 (83) 18-282 
DA nea: ee 136 1725) 86 (93) <4-16, 400 


*Tnocula usually intraderm 
sons, however, intramuscular inocul 
t+ Use of parentheses has same m 
{t Use of < and > has same mea 


al and in amounts ranging from 0.08 to 0.16 gm.; in 15 per- 

a of 2.0 gm. were given. 
eaning as in TABLE 4, 
ning as in TABLE 4. 
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with respect to the management of treatment on the occasion of any sub- 
sequent new exposure to rabies. Deliberate use of Pasteur treatment as the 
foundation for maintenance immunity would not be recommended, obviously, 
because of the associated risk; therefore this aspect has not been explored in 
detail. However, when treatment has been required because of exposure, it is 


_ possible that profit may be taken from the misfortune and immunity maintained 
thereafter as suggested above. Indeed, proof that this may be done and guid- 


ance as to timing may be derived from the following data, which bear more 
directly on managing the treatment of a new exposure. 
A total of 136 persons with histories of previous Pasteur treatment, chiefly 


veterinarians, but including some prisoner volunteers, were persuaded to sub- 


mit to a single inoculation of HEP Flury vaccine, usually by the intradermal 
route, and to one preinoculation and several postinoculation bleedings. The 
results are summarized in TABLE 7. Definite response was demonstrated in 
86 per cent of the total or, excluding 9 persons for whom the tests were not 
determinative (see footnotes to TABLE 7), in 92 per cent (117 of 127) of those 
properly tested. Furthermore, of the 10 definite failures, 6 were among 17 
persons last treated 20 or more years previously. Although some variation 


TABLE 8 


SUMMARY OF OBSERVATIONS AS TO PERSISTENCE OF 
NEUTRALIZING ANTIBODY AFTER PASTEUR TREATMENT 


x Number of persons observed at indicated years since last treatment 
Number of | 


treatment Antibody level (1:x) 
es <1 | 1-2 | 34 | 56 | 7-8 | 9-411 | 12-15 | 16-20 | 21-26 | 35~40 
Only 1 32+ 1 3 a oe ee | 
8-31 eps 2 "2 (ie eas be) ide Rey 
4-7 Ly | 
<4 or P-LT* | ti Sit tees A 8 ey ea ste est 
| 0 feet, 2) 3) Sy te 94 (sd Ay (et Iie 
| ay So ie er ee ee ae Se ee 
All Beato) ORY 6a Gh Oe a is) S| 
Two or 32+ 1 an eee ee ea a | 1 | 
more 8-31 1 i |e! 1 oe} | 
4-7 eZ. | 
<4 or P-LT* fered ey, Weer a 
0 Lataat oad 
All pos. 1, 7s | 4) 8) eh eT o | 
All Tess lei 5 ce Sel 5 6 1 | 
Daly 1 | o| 84| 67| 38| 84 | 56] 55| 53 | 25 | 25 
Per cent posi- 73 | 57 54 | 25 
tive | = l 
Two or 100 | 100 | 100 | 100 | 89 | 80 | 100| 67 | 0 
more ! =) ti | Bee 
100 | 89 Pe ES 


* P_LT means positive in qualitative long incubation test; in most such instances no quan- 
titative tests were made. Also, <4 as in TABLE 4. 
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in response was noted, peak responses (usually by the fifteenth day) tended “ 
surpass those following a full primary course of Pasteur treatment. Althoug 
no sera were collected earlier than 15 days after the booster, the common 
observation of maximum response titers in these 15-day sera indicates that 
the booster response usually was more rapid as well as greater than that to 
primary immunization. It should be noted that 43 (or 32 per cent) of the 
group admitted having received 2 or more previous courses of treatment. 
An analysis, not here presented, of the frequency and degree of response showed 
no differences as between those treated once and those given multiple treat- 
ments. 

Data as to duration of post-treatment immunity became available as the 
prebooster sera were tested. These are summarized separately in TABLE 8 
for those previously treated only once and for those with histories of multiple 
courses. In general, remarkable antibody persistence was observed, but the 
differences related to number of previous courses are of interest. After but a 
single course, more than one half of the subjects retained antibody through 20 
years and nearly three fourths for 5 years. However, if 2 or more courses had 
been administered, essentially 80 per cent had antibody for 20 years, and all 
possessed it through 5 years. From these data one might suggest the follow- 
ing: (1) for maintenance immunity, a booster dose (preferably of avian-embryo 
vaccine) might be given at from 1 to 2 years after Pasteur treatment with 
subsequent boosters at 5- to 6-year intervals (or upon new exposure); and (2) 
for new exposures in previously treated persons, a single booster inoculum 
(again, preferably of avian-embryo vaccine) is probably adequate if the most 
recent treatment occurred no longer than 20 years previously. 


Comment 


The heart of the problem confronting the physician in the after-the-bite 
situation is the weighing of the evidence that true exposure has taken place 
against the risk known to be associated with conventional antirabic vaccination. 
This has been delineated in classic manner by T. F. Sellers* in a paper aptly 
entitled “Rabies, the physician’s dilemma” which closed with the caution that 
“for exposures other than actual bites, the danger of treatment complications 
far exceeds that of either rabies or rabiphobia.”’ These words were published 
in 1948. At present, although these words of caution must be borne in mind 
at least a little longer, use of the avian-embryo vaccines seems to ease the 
problem considerably, especially in the case of those who already have under- 
gone one course of Pasteur treatment. Meanwhile, to ensure the best possible 
response in the emergency situation, efforts should continue to increase the 
antigenic potency of the embryo vaccines and to improve the methods for 
their use. The other major problem, posed by instances of severe exposure 
with probability of disease after a short incubation period, has been greatly 
eased by the advent of antirabies hyperimmune serum. However, room for 
important improvements remains in the direction of increasing the potency and 
degree of purification in order to reduce the volume of the inoculation, the 


average size of which is now 40 to 50 ml. per adult, and the likelihood of serum 
sickness reactions. 
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ae a ae oo “high-risk” ene of the population of the United 
, including veterinarians, dog catchers, and postmen, the observations 
as to the long persistence after Pasteur treatment both of antibody and ai 
conditioning to later booster inocula have special implications with vegnett to 
management of new exposures. Often no inoculation may be needed (see 
TABLE 8 for guidance) and, in any case, one inoculum, preferably of embryo 
vaccine, should be sufficient. For these same groups, plus children ea 
in regions of high rabies endemicity, the embryo vaccines would seem to offer 
a safe mechanism for laying a foundation immunity and for maintaining such 
a basic immunity, including that induced by Pasteur treatment, indefinitely 
by means of periodic booster doses. The optimum spacing of such doses 
remains to be worked out but, if the duration of postboosier seroimmunity is 
at all similar to that following Pasteur treatment in previously treated persons 
(again see TABLE 8), a possible schedule would have the foundation course 
followed within 1 or 2 years by the first booster and subsequent boosters 
coming every 5 or 6 years thereafter or, as with tetanus toxoid, upon the oc- 
casion of suspected exposure. 

A final note perhaps should be added. The foregoing presentation and 
discussion have been based on the possibly debatable assumption that immunity 
to rabies and the readily demonstrable presence of neutralizing antibody are 
synonymous. I am familiar with evidence (largely unpublished) that highly 
susceptible animals possessing antibody may succumb to challenge with rabies 
street virus, and that other animals may resist it, even though antibody can- 
not be demonstrated. Because species susceptibility to rabies may vary sig- 
nificantly, one cannot translate the experimental work in animals directly 
to man, nor can one evaluate seroimmunity in man by the method of challenge. 
As a consequence, one must have a reasoned faith in the importance of neu- 
tralizing antibody, the degree of faith obviously varying directly with the anti- 


body titer. 
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Part V. Ornithosis 


ORNITHOSIS IN DOMESTIC FOWL: NEWER 
FINDINGS IN TURKEYS 


By John P. Delaplane* 


Department of Veterinary Microbiology, Agricultural and Mechanical College of Texas, and 
Texas Agricultural Experiment Station, College Station, Texas 


The public health aspect of ornithosis infection in turkeys has been of 
interest since 1951, when Irons, Sullivan, and Rowen! published serologic and 
epidemiologic studies on an outbreak that occurred among poultry-dressing 
plant workers in Giddings, Texas, in 1948. No additional infections involving 
such workers were recognized until November and December 1951 and in 
April 1952, when infections in poultry-plant workers again were observed in 
the same plant that had experienced the 1948 outbreak reported by Irons 
eal? 

As a result of the outbreaks in 1951 and 1952 attempts were made to recover 
ornithosis virus from turkeys showing lower respiratory involvements, because 
it was suspected that ornithosis might be masked by the lower form of infectious 
sinusitis. In 1952, Boney ef al.’ isolated an agent from turkeys that was later 
identified as ornithosis virus. 

Much interest was stimulated in ornithosis infection in turkeys in 1952 when 
a number of laboratory workers inadvertently became infected with ornithosis 
of turkey origin, thus demonstrating the high pathogenicity of this agent for 
man. No further outbreaks of ornithosis were recognized in turkeys or proc- 
essing-plant workers in Texas until April, May, and June of 1954, when 
approximately 200 nonfatal cases occurred in five processing plants in Texas. 
A number of isolations of virus were made from turkey flocks in that state by 
Pate, Boney, and Delaplane.* 

Following recognition of the disease in Texas in 1952 and 1954, infections 
traceable to turkeys have been reported from New Jersey® and Oregon.®: 7 
According to Andrews,’ ornithosis virus has been isolated from turkeys in 
seven states. 

Since 1955, a comprehensive research program on ornithosis, as it affects 
turkeys, has been under way at the Texas Agricultural Experiment Station. 
Financial support for the research has been provided by the Department of 
Agriculture, Agricultural Research Service, Washington, D. C., the Division of 
Research Grants, National Institutes of Health, Bethesda, Md., American 
Cyanamid Co., Research Division, Pear] River, N. Y., Merck & Co., Rahway, 
N. J., and Hess and Clark, Inc., Ashland, Ohio. 

The following phases of work have received special emphasis: (1) the gross 
lesions of the disease in turkeys from one through twenty-four weeks; (2) the 
effect of chlortetracycline in the feed on the course of the infection in turkeys 
on a prophylactic basis and as therapy following infection; (3) the possibility 


* Deceased. 
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of egg transmission of the virus to the newly hatched poult; (4) serology studies 
using the indirect complement fixation and other serologic tests to study sera 
from turkeys under field and experimental conditions; (5) potential reservoirs 
of virus in nature through the screening of representative free-flying birds and 
rodents from six turkey farms under study. 

More recently specimens of wading birds have been obtained from the rook- 
eries along the coast of the Gulf of Mexico. 


Gross Lesions 


Extensive studies of the gross lesions of ornithosis in turkeys by Davis et al.° 
confirmed the preliminary observations of Boney e/ al.’ and of Pate, Boney, 
and Delaplane! and showed that the major lesions consisted of a high incidence 
of caseofibrinous pericarditis perihepatitis occurring as a fibrinous coating or 
‘plastic exudate,” biliary stasis, caseofibrinous peritonitis, caseofibrinous 
exudates on the air sacs, pneumonia, and splenomegaly. In experimental 
infections the mortality? varied with the age of the turkey. It was almost 
100 per cent in 1-week-old poults, but declined to approximately 20 to 25 per 
cent in the 12- to 24-week-old birds. The incubation period varied from 4 days 
in young poults to 7 days in older turkeys. 

Microscopic studies of the lesions in tissues collected from the gross pathology 
phase of the study are in progress. 

In limited studies’ evidence of airborne transmission of ornithosis in turkeys 
could not be proved. 


Prophylaxis and Therapy 


Prophylactic therapy using chlortetracycline at the rate of 100, 200, 400, 600, 
and 800 gm. per ton of feed as reported by Davis and Delaplane*" showed 
that all levels were effective in preventing mortality in 3-week-old experi- 
mentally infected poults over a 2-week period of observation. Extensive 
symptoms and lesions were observed in the inoculated poults on the 100-gm. 
level of antibiotic; virus was easily recovered from these poults, as well as 
from the untreated infected controls. Only slight lesions were observed in 
the poults receiving 200 gm. of antibiotic per ton of feed, and virus was re- 
covered only from the poults with lesions. No symptoms or lesions were ob- 
served in the poults receiving 400, 600, and 800 gm. of antibiotic per ton of 
feed, and virus was not recovered from any of these poults. 

Recently, Davis and Watkins" studied furazolidone at the rate of 100, 200, 
and 300 gm. per ton of feed in the prevention of ornithosis, using similar pro- 
cedures as for the chlortetracycline studies and they found it to be ineffective. 

The therapy studies of Davis and Delaplane,” using chlortetracycline at the 
rate of 100, 200, 400, and 800 gm. per ton of feed for 2 weeks in 3-week-old 
infected turkeys, showed that such levels did not result in the elimination of 
virus. When similar treatment was given for 3 weeks, 100 gm. was ineffective, 
but 200 gm. and more supressed the infection. 

Infected adult turkeys receiving 200 and 400 gm. of chlortetracycline per 
ton of feed for 2 or 3 weeks were able to overcome the virus. Ornithosis virus 
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was recovered from untreated infected adults 24 days after inoculation, but 
not after 31 days. 

In the fall of 1956, Davis, Watkins, and Delaplane™ reported on the treat- 
ment of naturally occurring ornithosis in a farm flock. Attempted thera- 
peutic measures by the owner had not been successful. Later, supervised 
therapy using 200 gm. chlortetracycline per ton of feed for 3 weeks suppressed 
the infection. The flock was processed at a federally inspected plant, and orni- 
thosis virus was not recovered. One hundred sick turkeys were removed 
from the farm and placed under study at the Texas Agricultural Experiment 
Station Research Farm and given 200 gm. of chlortetracycline per ton of feed 
for 3 weeks. Virus was present in the experimental flock at the end of 2 
weeks, but not after 3 weeks. 


Egg Transmission 


Preliminary studies on the role of turkey eggs in the transmission of orni- 
thosis by Davis and Delaplane'? revealed no evidence of transmission. More 
extensive studies were undertaken by these investigators,!® and no virus 
was recovered from 2954 eggs laid by breeder turkeys experimentally infected 
with the Jo strain of ornithosis, although 300 of the eggs were laid during the 
time at which virus could be recovered from the blood stream of representative 
birds. When fresh turkey eggs were inoculated with ornithosis virus and 
incubated, the virus was not recovered after the ninth day of incubation. 
When 7-day-old embryonating turkey eggs were inoculated, the embryo 
mortality rate was high, and the virus was not recovered beyond the sixteenth 
day in the few that survived. 

Further studies showed that the virus was not recovered from eggs laid by 
hens in the viremic stage of ornithosis, when isolation attempts were made on 
freshly laid and 24-hour-incubated eggs. Ornithosis virus failed to live longer 
than 3 days on turkey egg shells or longer than 4 days on cotton swabs under 
egg-incubator conditions. 


Serologic Findings 


Since 1955, turkey-serum samples obtained from the pullorum testing 
laboratories, representing Texas turkey breeding flocks, have been tested using 
the indirect complement fixation (ICF) test. Approximately 50 per cent of 
the flocks showed reactions at 1:2, 1:4, 1:8, and 1:16, but the history of such 
flocks did not indicate the presence of ornithosis infection. Recently Neal 
and Davis'? compared the efficiency of the direct complement fixation (DCF) 
of Benedict!®: !’ and an agglutination test with the ICF tests on the same serum 
samples of experimental and farm source of flocks. The agglutination test as 
used was of no value; however, there was about 85 per cent correlation between 
the ICF and the Benedict DCF test results. : . 

During and immediately following the age of maturity of one of the expert 
mental groups on study, approximately 30 per cent of these known laboratory- 
reared, ornithosis-free turkeys showed reactions much like those experienced 
under farm flock conditions. Later, representative birds from the ornithosis- 
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free groups gave negative reactions after having shown the type ot reaction 
mentioned. This indicated that factors possibly unrelated to ornithosis can 
account for positive reactions to the ICF test. To determine whether Bene- 
dict’s DCF test would have also picked positive reacting serums, 22 of the 
positive reacting samples were tested by Benedict; $ of these were positive 1:4 
or 1:8 by this method. The Benedict skin allergy test™ gave negative findings 
in representative birds. Twenty-one of the same positive turkey samples 
were tested by Brumfield, using her DCF test" and 10 of the samples showed 
positive reactions. These results indicate that some unknown factors, other 
than ornithosis, account for nonspecific reactions using these various testing 
procedures. Work is now in progress to determine further something of the 
nature of the explanation for these reactions. Volkert ef al* have shown that 
a bacterial antigen made from an organism identified by them as Bacterium 
aniiiraium possesses a high degree of activity against human psittacosis anti- 
sera; possibly something of this nature is involved in some nonspecific reactions. 


-eiential Virus Reservoirs 


In the study of reservoirs of possible sources of ornithosis virus in nature, 
six farms in the area in which the original virus was isolated in 1952 were se- 
lected for routine observation and recording of the various species of free-flying 
birds, rodents, and animals having contact with the turkeys on range. Ap- 
proximately 2500 birds and mammals have been screened for virus to date. 
So far as possible, serum samples have been collected for serologic studies. 
All sick and dead birds are kept frozen on the farms and are submitted to the 
laboratory once each week for examination. To date ornithosis virus has not 
been isolated from any of the specimens. In two ornithosis outbreaks in 
Texas in 1956 it was observed that in both instances the turkeys had access 


to or were near bodies of water that attracted water fowl such as herons and 


egrets. During the spring and summer of 1957, specimens, sick and dead 
and screened for ornithosis virus with negative results, have been collected. 
E. M. Dickinson, Oregon State College, Corvallis, Ore. (personal communi- 
cation), found ornithosis virus in sea gulls from an affected farm in Oregon. 
It is hoped that eventually this phase of the study may yield findings of im- 
portance regarding reservoirs of ornithosis virus. 


Pathogenicity Studies 


Studies involving a comparison of the Symptoms and lesions of various 
strains of psittacosis and ornithosis virus for various age groups of turkeys are 
in progress. The isolates from turkeys appear to be much more pathogenic 
than those from parakeets and parrots. It would appear from the studies to 
date that the occurrence of ornithosis in turkeys is sporadic and accidental in 
nature, and that the strain of virus involved is of a highly pathogenic nature at 
the time it becomes introduced into a flock. ’ i 


Antibiotic Activity 


Studies by Davis inv olving the screening of six antibiotics for activity 
against the Jo strain of ornithosis virus using chicken embryos indicate the 


\ 
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order of effectiveness as tetracycline, oxytetracycline, erythromycin, chlortetra- 


cycline, and penicillin. Dihydrostreptomycin had no apparent effect on the 
virus. 


Roth and Delaplane™ reported that oxamycin was ineffective against 6 BC 


psittacosis virus employing chicken embryos. Davis, Watkins, and Dela- 
plane®® showed that synnemetin B was ineffective, except possibly at very high 
dosage levels using chicken embryos. 


Bhs 
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Discussion of the Paper 


Oscar SussMAN (Bureau of Veterinary Public Health, State of New Jersey 
Department of Health, Trenton, N. J.): Raymond Fagan and I have recently 
completed a study based on the treatment of known infected turkeys with 160 
mg. of oxytetracycline given intramuscularly and into the hanging wattles of 
the birds. Our report is not yet ready for publication, but I can state that the 
injection of this amount of antibiotic into birds in the midst of an epidemic 
resulted in isolation of no virus in birds killed 3 weeks, 4 to 7 weeks, and as long 
as 8 weeks thereafter. Spleens were examined, and isolation attempts were 
made on all of the flock after treatment. Virus could be obtained only from 
birds that had not received treatment. The material used was an intramuscu- 
lar compound diluted with physiological saline solution to 80 mg./cc. The 
mineral oil suspension* was one of 80 mg./cc. It should be noted that the 
intramuscular material discolored the injected area of the musculature, and it 
was found that injection into the wattle appeared to be as effective and did not 
injure any of the salable portion of the bird. 


* Supplied by Chas. Pfizer & Co., Inc., Brooklyn, N. Y. 


NEWER METHODS FOR DETECTION OF AVIAN ORNITHOSIS* 


By Albert A. Benedict? and Clarence McFarland t 


Department of Preventive Medicine and Public Health, University of 
Texas Medical Branch, Galveston, Texas a 


The increased awareness of the public health importance of turkey ornithosis 
has stimulated re-examination of the methods used for detection of this in- 
fection in domestic fowls. The detection of exposure to ornithosis may be 
considered to have 3 principal objectives: (1) for diagnostic purposes; (2) to 
explore the epidemiological facets of the infection chain, which ultimately will 
lead to (3) the development of control measures. Obviously, definitive diag- 
nosis is made by isolation and identification of the agent and, as evidenced 
by recent epizootics in turkeys, virus isolation is made frequently and easily. 
In severe epizootics the appearance of high-titer circulating antibody in a 
large number of birds can be considered as direct evidence of infection. Diag- 
nosis is also justified by a significant rise in titer when paired serum samples 
are available. 

The significance of the presence of a few serologic reactors with low antibody 
titers among large flocks is not clear. There exist several possibilities that 
might explain these situations, such as: (1) the sign of initial ornithosis activity 
in a flock; (2) the residue of ornithosis infection that was originally manifested 
with or without clinical ornithosis; (3) the presence of a cross-reacting antibody 
to an organism similar to the bacterium isolated by Volkert and Matthiesen;! 
and (4) the presence of unknown nonspecific serologic reactions. The control 
of ornithosis will be aided by the accurate interpretation of the significance 
of these reactions. 

Until recently the serologic technique used exclusively for revealing circulat- 
ing antibody in domestic fowl has been the indirect complement fixation test 
(ICF) developed by Karrer, Meyer, and Eddie2 The complement fixation 
(CF) test was not applied for such studies since, among other avian sera, Rice’ 
reported the failure of antipullorum turkey sera to fix complement (C’) with 
S. pullorum, and Eddie and Francis’ observed fixation at only low dilutions 
with a small number of turkey anti-ornithosis sera. The presence of a specific 
inhibitor, presumably an incomplete-type antibody, was demonstrated in avian 
noncomplement fixing sera,» ° and thus the ICF was devised for detection of 
such antibodies.*: *: ° 

It was generally believed, therefore, that turkeys and chickens do not 
produce the usual CF antibodies, until recent studies showed that detection of 
turkey CF antibody depended partially upon the type of antigen employed.’ 
Moreover, in 1924 Bushnell and Hudson® reported that chicken antipullorum 
sera fixed C’ with homologous antigen, but that this property was destroyed 

* The work reported in this paper was supported in part by funds provided under Contract 
AF 41(657)-93 with the School of Aviation Medicine, USA I _R andolph Air Force Base, Texas, 
and in part by Research Grant E-1217 from the National Biological Institute, Public Health 


Service, Bethesda, Md. a ‘ alge ee de 
+ Present address: Department of Bacteriology, University of Kansas, Lawrence, Kans. 
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by heat inactivation of the sera. This early observation was reinvestigated 
by our laboratory and by Brumfield and Pomeroy," and it revealed that the 
CF ability of turkey and chicken ornithosis antibody was destroyed by heat 
inactivation of the sera if virus particle antigens were employed. 

A variety of serologic tests have been made available; however, only the 
ICF and the direct complement fixation test (DCF) will be considered in this 
report. In addition, the intradermal allergic test was developed as an ancil- 
lary epidemiological tool.!°" At present there is an urgent need to evaluate 
and to compare the various methods that have been proposed, so that a stand- 
ard technique may be developed. With this in view, this report presents the 
development and evaluation of the DCF and allergic tests. 


Direct Complement Fixation Using Heat-Inactivated Serum 


Technique. We have described the extraction of a soluble psittacosis CF 
antigen with a detergent;” this antigen fixed C’ consistently with turkey anti- 
ornithosis sera.’ Fixation occurred with sera that had been inactivated by 
heating either at 56° C. for 30 min. or at 60° C. for 20 min. For this test, 4 
units of the detergent-extracted antigen were used. In studies that compared 
antigen activities complement was titrated in the presence of antigens. Pre- 
liminary incubation was carried out at 37° C. for 75 min. and, after the addition 
of sensitized sheep erythrocytes, a secondary incubation at 37° C. for 30 min. 
was done. The method used in performing the ICF test was similar to that 
described by Karrer, Meyer, and Eddie.* Titers represent the reciprocal of 
the highest dilution of serum, showing either a 1+ or 2+ reaction in the ICF 
(partial inhibition) or a 44 reaction (complete fixation) in the DCF. 

Comparison of the DCF and ICF methods. A comparison of these techniques 
was made with naturally infected and experimentally infected turkeys. Forty- 
seven turkeys were selected at random from a flock that had undergone a 
severe epizootic several months prior to bleeding. Taser 1 shows that 41 
sera in this group (A) were positive by both the ICF and DCF, and that 3 
sera were positive in low dilutions in the DCF and negative in the ICF. Also 
shown in TABLE 1 are results with sera from 2 flocks (B and C) in which there 
was no evidence of infection at the time of bleeding. One serum from flock B 
was negative by the ICF and had a DCF titer of 1:4. Sera obtained from 12 
turkeys that had undergone a natural infection 18 months prior to the test 
were all positive to the DCF, and only 5 sera had positive ICF titers. A direct 
correlation analysis on the basis of the log distribution of the ICF and DCF 
titers of group A was found to be 0.72, which was significant at the 1 per cent 
level. Although there is no direct evidence as yet that the same antibody 
was being measured by the 2 tests, the DCF titers correlated well with the ICF 
titers of these sera. 

In search of a reliable, simple, and economical serologic technique for survey 
purposes, Neal and Davis'* compared the ICF, DCF (detergent antigen), and 
a macroscopic agglutination test! that employed stained elementary bodies as 
antigen. The ICF and DCF agreed in 85.1 per cent of 923 turkey sera tested. 
These results were similar to the findings shown in TABLE 1, in which the 2 
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TABLE 1 
COMPARISON OF THE Direct AND INprRECT COMPLEMENT FIXATION TESTS 
FOR THE DETECTION OF TURKEY ORNITHOSIS 


: | Number | DCF* | DCF | DCF | DCF |Per cent positive 
Group History turkeys |} cm | POS: neg. neg. Paro cent 
tested | ICFt | ICF ICF IcF agreement 
pos. | neg. pos. neg DCF ICF 
A | Natural infection 47 | 41 3 | 0 @ 193.6) '87.3% 93.6 
for 3 months | 
B No evidence of in- ol ih 1 0 59 ea AIK) 98.3 
fection | | 
Cc No evidence of in- | 50 ih 0 0 48 4,0) 4.0] 100.0 
fection 
D | Natural infection i a ae | 5 0 0 100.0} 58.3 58.3 
18 months be- 
| fore 
E_ | Experimentally in- 21 15 1 3 2 76.1} 85.7 80.9 
| fected 2 months 
Experimentally in- 12 8 0 0 4 66.6) 66.6 | 100.0 
fected 3 months | 
JG De ne ae 203 74 10 3 116 41.3] 37.9 88.5 


* Direct complement fixation. 
+ Indirect complement fixation. 


tests agree in 88.5 per cent of 203 turkey sera tested. On the other hand, the 
correlation between the results of the agglutination and ICF tests was 42.3 
per cent and, between the agglutination and DCF tests, the correlation was 
40.4 per cent. Many nonspecific reactions were given by the agglutination 
test by lower serum dilutions, an observation that we had also made relative 
to an ornithosis precipitin reaction with turkey and chicken sera.!® On the basis 
of these comparisons further study with this DCF test was considered justified. 

Onset of DCF antibody. It was felt that if incomplete CF antibodies were 
formed in turkey sera, they might have been predominant during the early 
stages of the infection. On the contrary, however, positive DCI’s were demon- 
strated one to two weeks following infection (TABLE 2). The earliest ap- 
pearance of the DCF antibodies paralleled the appearance of ICI antibodies. 

Activity of antigens. Numerous attempts were made to yield CF reactions 
with heated turkey sera and antigens made from either yolk-sac or allantoic- 
fluid virus suspensions. For example, a heated phenolized psittacosis (strain 
6 BC) yolk-sac antigen, a viable concentrated meningopneumonitis virus 
suspension, and the detergent extract were each titrated against 4 units each 
of rabbit and turkey antipsittacosis sera. The soluble antigen had the same 
titer when tested against rabbit and turkey sera (raBLE 3). ‘The viral suspen- 
sions were considerably less active when titrated with turkey antiserum than 
with rabbit antiserum. It was obvious that viral suspensions were unsuitable 
as antigens with heat-inactivated sera. Direct fixation with turkey sera would 
not usually be obtained if the virus suspension antigens were standardized 
with nonavian or pigeon sera, and if then the usual 4 units of antigen were 
used in the direct test with turkey sera. When tested with rabbit antiserum, 4 


units of the allantoic fluid and yolk-sac antigens shown in TABLE 3 represent 
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TABLE 2 
Tur APPEARANCE OF COMPLEMENT FIXING ANTIBODIES 
IN EXPERIMENTALLY INFECTED TURKEYS 


Days after infection 
rke 

ers 0 8 10 14 108 

1 O* 2 (3+) 64 

2 0 16 32 

3 0 2 (3+) 8 

4 0 2 64 

5 0 4 8 
1977 0 64 128 
1852 0 128 <4 
1915 0 128 32 
1849 0 256 <4 
1984 0 256 <4 
1943 0 128 4 
1962 0 S12 64 


* Negative at 1:2 dilution. 


titers of 32 and 64, respectively; these concentrations were insufficient to fix 
C’ with turkey sera. 

The detergent extract apparently consisted of an antigen that differed 
either quantitatively or qualitatively from that found in the particle suspen- 
sions. To test this hypothesis, the antigen was purified by acid precipitation 
and fractionated with phenol.” Phenol fractionation produces soluble and 
insoluble CF antigens that differ chemically. Tanrr 3 summarizes the results 
of titrating these fractions against 4 units each of guinea pig, human, and turkey 


TABLE 3 
CoMPLEMENT Frxinc Activity OF ANTIGENS WHEN TESTED WITH 
MAMMALIAN AND TURKEY ANTIPSITTACOSIS SERA 


Psittacosis antiserum* 
Antigen 
Guinea pig Human Rabbit Turkey 
Living =meningopneumonitis 
_allantoic-fluid suspension 128+ 16 
Killed psittacosis yolk-sac sus- 
_ pension 256 8 
Crude detergent extract 64 64 
Phenol-insoluble fraction of 
detergent extract 
1 16 16 
3 16 16 
a2, a 
Phenol-soluble fraction of deter- 3 
gent extract 
1 8 0 
2 32 0 
3 16 0 


a Four units of each antiserum, 
} CF titer of antigens. 
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antisera. The phenol-soluble fraction reacted similarly to the particle antigens 
and failed to fix C’ with heated turkey antibody, whereas the phenol-insoluble 
antigen had the same titer when tested against turkey, human, and guinea 
pig sera. Possibly this latter fraction represents a subsurface antigen that 
was released by extraction. However, this hypothesis is not yet tenable in 


view of the fact that the absorption of heated turkey sera with virus particles 


also absorbs the antibody to the phenol-insoluble fraction. 

When we employed the detergent-extracted antigen, our attempts to obtain 
direct fixation of C’ with heat-inactivated chicken antisera met with repeated, 
failures. Nevertheless, this antigen combined with heated chicken antibody 


and gave an ICF reaction. 


Direct Complement Fixation Using Unheated Serum 


Techniques. As previously mentioned, Bushnell and Hudson* observed that 
chicken and turkey antibody failed to fix C’ with heat-inactivated sera. How- 
ever, CF tests with unheated sera are unsuitable because of strong anticom- 
plementary (AC) properties. Brumfield and Pomeroy® proposed a method in 
which the C’ was increased to overcome the AC activity of unheated fowl sera. 
In this test yolk-sac antigens were employed, and complement was titrated in 
the presence of 10 unheated sera diluted 1:8. Sera to be tested were diluted 
1:8 to minimize AC effects and lytic action due to the fowl C’.. There was 
agreement between the ICF and DCF in more than 94 per cent of 125 turkey 
sera tested. 

A second method might be one that selectively removes the AC substances 
from unheated sera, thereby avoiding use of excessive amounts of C’ and pos- 
sibly permitting tests with lower serum dilutions. With this in mind, the fol- 
lowing procedures were attempted to remove chicken and turkey sera AC 
activity: (1) chloroform extraction, (2) hypertonization with NaCl,* (3) 
acid precipitation,” (4) adsorption with activated charcoal, (5) adsorption 
with a mouse liver preparation,'® and (6) adsorption with kaolin. Kaolin 
adsorption proved to be the most effective. Complete details of the procedure 
will be given elsewhere, and are given in brief form as follows: A 1:2 dilution 
of 1.2 ml. of antiserum is adsorbed with 40 to 50 mg. of kaolin for 60 min. The 
kaolin is removed by centrifugation at 1500 rpm for 5 min. Under these 
conditions AC activity was effectively removed (TABLE 4). Also, the serum 
was decomplemented, and prozones were avoided. Antibody was rarely 
adsorbed from turkey sera with 40 to 50 mg. of kaolin, but some chicken sera 
showed decreased ICF and DCF titers following adsorption. Both DCF and 
ICF chicken antibodies were completely removed from 1.2 ml. of a 1:4 dilu- 
tion of serum adsorbed with the above quantities of kaolin. Nikkila and Oker- 
Blom!® observed, however, that adsorption of human serum with clay minerals 
resulted in partially selective removal of lipids without loss of gamma globulin, 
and Clarke and Casals”? successfully used the clay mineral, bentonite, to re- 
move hemagglutination inhibitor from antisera. 

Effect of storage on DCF antibody. The ability of the detergent-extracted 
antigen to fix C’ with heated turkey serum and the inability of the particle 
antigens to exert the same degree of activity suggested that these antigens 
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TABLE 4 
Errect Of CONCENTRATION OF KAOLIN AND TIME OF ADSORPTION ON 
REMOVAL OF ANTICOMPLEMENTARY ACTIVITY FROM CHICKEN SERUM 


Time of adsorption: minutes 
Mg. Kaolin 

15 30 45 60 
10 4* 4 4 4 
20 4 4 4 4 
30 (5 3 4 4 
40 4 td 3 Ze 
50 3 Be 0 0 


* Anticomplementary activity of 1:2 dilution of serum. 


might also have different activities with unheated sera. Turkey sera that had 
been stored at —20° C. for 11 months and had been repeatedly frozen and 
thawed during this time were titrated (unheated and adsorbed with kaolin) with 
4 units each of the detergent antigen and a yolk-sac antigen. The serum titers 
obtained with the yolk-sac antigen were significantly lower, and the titers 
obtained with the soluble antigen were the same as titers obtained when 
tested 11 months before by the heat inactivation method. Upon further 
storage of these sera at 4° C., the titers continued to drop when tested with 
the yolk-sac antigen. 

Fresh turkey antisera had the same titers to the 2 antigens (TABLE 5). 
Following storage at 4° C. for 4 days, these sera showed decreased titers when 
tested with the yolk-sac antigen (TABLE 5). According to these results and to 
those mentioned by Brumfield and Pomeroy,’ caution must be exercised when 
using the viral suspension antigens for the testing of unheated fowl sera that 
had not been frozen soon after procurement. This fact was further borne out 
by testing turkey sera that had been mailed to us unrefrigerated. TABLE 6 


TABLE 5 


COMPLEMENT FrxaTion TireRS OF UNHEATED KAOLIN-ADSORBED 
TURKEY ANTISERA STORED AT 4° C. 


Days stored 
Turkey 0 4 
LD ig YSt D YS 
1849 | 256t 256 256 256 
1852 128 128 128 Oe 
1984 256 256 256 32 
1962 256 256 512 <32 
1977 64 64 32 16 
1406 0) 0 0 0 


* Detergent antigen. 
+ Yolk-sac suspension. 
t CF titer of sera, 
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TABLE 6 
COMPLEMENT FIXATION TITERS OF UNHEATED KAOLIN-ADSORBED 
TurRKEY ANTISERA STORED AT 4° C. 


Days stored 
Turkey 0 4 5 10 i fe 
D* YSt D | sy D YS D WAS dD YS 

12 16 Ot 

149 | 64 16 

42 8 0 

14 2 0 

109 8 2 3 0 

101 32 i 32 % 

29 32 2 | 32 4 

127 16 8 etG 0 

16 32 8 32 | 16 

49 8 0 8 0 

148 16 8 16 > 4.16 0 

167 16 4 | 16 0 

13 16 2 16 0 

106 32 4 32 0 

155 (=) 4 <64 0 

29 64 8 32 0 

46 16 4 16 0 
8 | 16 4 16 4 
2p ©} 8 2 4 0) 
Sh oe ey 2 0 
27 | «16 2 16 0 


Symbol: (—), not tested. 
* Detergent antigen. 

+ Yolk-sac antigen. 

t Less than 1:2. 


presents the results of titrating these unheated, kaolin-adsorbed sera. The 
titers were lower with the yolk-sac antigen than with the soluble antigen, and 
they decreased following refrigeration for 13 days. Studies with turkey sera 
are being continued with only the soluble antigen, since CF antibodies of 
unheated turkey sera are potentially labile to the particle antigens. Unheated 
chicken antibody, however, loses the ability to fix C’, following storage at 
4° C., to both the soluble and particle antigens. 

Detection of chicken DCF antibody. An interesting study, performed by 
N. T. Briggs in our laboratory, showed good correlation between the kaolin- 
treated serum method and the ICF test. To simulate a natural infection by 
the oral route, the following experiment was performed. Fifteen white leghorn 
chickens were infected with psittacosis virus (Texas turkey). Beginning 48 hours 
after infection, feces were collected daily from these donors for 25 days. Col- 
lections were pooled, added to 200 cc. of distilled water, and homogenized in a 
Waring Blendor, and a 1:4 dilution was made. Forced feeding of this sus- 
pension to recipient chickens was accomplished by introducing a blunted 
pipette directly into the esophagus, thereby passing the tracheal opening. 
All daily feedings were made using stock inocula prepared from feces passed 
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TABLE 7 


COMPARISON OF INDIRECT AND DirEcT COMPLEMENT Frxinc ANTIBODY 
RESPONSES IN ORALLY INFECTED CHICKENS 


Titer on day following first feeding of feces to recipients 
: ; No. 
Bee Chick 14 21 28 40 oe 
infected 
pcr* | 1cF} | DcF | IcF | DCF | ICF | DCF | ICF 
7 1 16 16 4 8 4 16 4 75 
2 4 4 0 8 8 8 4 16 
2-6 3 2 0) 8 8 16 8 16 8 3/4 
4 0 0) 0 0 0 0 0 0 
5 Cont 0) 0) 0) 0 0 0 0) 0 
6 0 0 16 32 0 2, sacrificed 
7 16 16 32 64 16 8 pea es 
8 0 0 0 0 0 0 = 
mi 9 0 | of=o ) 0 | og) 2.) denis eee 
10 0 0) 0 0) 0 0 0 0 
11 Cont 0 0 0 0) 0 0 0 0 
12 0 0 O* | (==5 ee eee 0 0 
13 6) Ot 0 a Ee 
14 32 64 Sy (—) 8 sacrifice 
12-16 | 45 o | o-| o1(—)} © | 0 ) © oa cane 
16 0 0 0 (—) 0 0 0 0 
17 Cont 0 0) 0 | (—) 0 0 0 0 
| =— 
18 0 (—) 0 0 0 (—) 0 (—) 
19 0 (—) 0 ‘ 0 3 . t=} 
20 0 (—) 0 0 = = 
a 21 0 =f ALG ol@ | osha 
22 0 0 0 0 | (-) 0 | (-) 
23 Cont 0 |) | 0 0 0°] 4h ae 
24 0) t) 0 0 0 | (-) 0 | (-) 
22-26 26 0 | (-) 0 0 0) G4 Oat 
27 Cont. 0 | (-) 0 0 Oa OT ta 


Symbol: (—), not tested. 


* Direct complement fixation test with unheated sera that had been adsorbed with kaolin. 
} Indirect complement fixation. 
t Ornithosis isolated from spleen. 


during the previous 24-hour period. Inocula prepared daily from donor feces 
passed on days 2 through 6 were fed (1 ml. per bird per day) to a group of 
recipients. Four other groups similarly treated received respectively feces 
passed by donors 7 to 11, 12 to 16, 17 to 21, and 22 to 26 days following infec- 
tion. All birds were therefore given 5 daily feedings. Birds within a given 
group were housed in the same cage along with an unfed control bird. The 
birds were bled on the days following the first feeding as shown in TABLE 7. 
Sera were frozen within 24 hours after bleedings. All birds were serologically 
negative on the first day of feeding. The DCF and ICF tests were equally 
sensitive for detection of serologic reactors, and the serologic response was 
interpreted as a sign of infection, Apparently the feces were most infective 
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» to 11 days following infection of the donor birds; 6 of 9 recipient birds pro- 
Chicken No. 14 was sacrificed 29 days following first feeding, 

yielded ornithosis virus on mouse passage. Three blind pas- 
ages of the spleens and livers of chickens No. 6 and No. 7 failed to reveal 
Aarus. Working with the bovine encephalomyelitis virus, Matumoto ef al.?! 


ndicated that the serologic re 


luced antibody. 


ind the spleen 


ht be as efficient as direct isolation 


Lt 


rocedures for the detection of virus in infective materials. 
The Intradermal Test 

\lthough the tuberculin test for detection of fowl tuberculosis” has had 
imited usage e presence of ornithosis hypersensitivity in chickens that had 
yeen experimentally infected suggested that the skin test might serve as an 
idded epidemiological method for rapid detection of endemic foci.t?: "> ” 
Sensitivity was detected as early as four weeks and as late as one year following 
nfectio Cir g body appeared earlier than cutaneous hyper- 
lur e course of the infection; however, the serologic and skin- 


infected turkey. 


expr rimentalh 


FIGURE 1 Positive dew lap allergic 


Twenty-four-hour reaction 
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test methods were equally sensitive for detection of reactors among birds 
infected for four weeks or longer. To further evaluate the intradermal test, 
we tested naturally infected turkeys under field conditions.” 

Technique. In the early experimentsintradermal inoculation of turkeys with 
0.1 ml of antigen was made in the dewlap and on the lateral surface of the thigh. 
The dewlap was finally selected as the inoculation site, since reactions at this 
site were easier to judge and developed earlier than the thigh reaction. The 
reactions were judged by palpation of the dewlap for edema 24 hours following 
skin test. Positive dewlap reactions are shown in FIGURES 1 and 2. Since the 
antigen was more likely to yield false negative rather than false positive reac- 
tions, detection of minimal edema was considered positive. 


Comparison of intradermal and serologic tests. Turkeys were obtained 
from the following sources: (1) normal broad-breasted bronze (BBB) and 
Beltsville (BV) turkeys, and BV turkeys that had been experimentally infected 
at the Agricultural and Mechanical College of Texas, College Station, Texas; 
(2) 1- to 5-year-old BBB turkeys that had experienced an ornithosis epizootic 
in Oregon approximately 3 to 4 months prior to testing (flocks SK and J); 
(3) 2 flocks of 1-year-old BBB turkeys (flocks H and R) from the same vii inity 
as SK and J flocks, but without evidence of clinical ornithosis infection when 
tested; and (4) 2 flocks of healthy 14-week-old BBB turkeys located in east 
Colorado. 


FIGURE 2. Positive dewlar 
four-hour reaction 


Tgic response in a naturally infected turkey. Twentv- 


= 0 ah eee 
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TABLE 8 
DETECTION OF ALLERGIC AND SEROLOGIC REACTORS AMONG HEALTHY TURKEYS 
AND TuRKEYsS NATURALLY INFECTED WITH ORNITHOSIS 


Skin test results Serologic results 
Ranch } History - ¥ 
No. Perc No arc 
tested | No. pos. any fettad No. pos. olin 
Sky 1-yr.-olds, natural infec- | 232 165 71 47 40 85* 
tion 3 to 4 months } 
SK» 2-yr.-olds, close contact | 34 12 35 (—) (—) (—) 
with infected birds 
Sky 
SK; 2- to 5-yr.-olds, close con- 53: | 6 11 ay) 4 8t 
tact with infected birds 
Sk, 
J l-yr.-olds, natural infec- 255 | 196 78 190 157 83* 
tion 3 to 4 months 
H, 1-yr.-olds, healthy 325] 0 0 (—) (—) (-—) 
H: | 1-yr.-olds, healthy (—) (—) (—) 109 5 Shy 
R 1-yr.-olds, healthy 242 0 07 170 19 Nile: 
A&M | 8 to 10 months old, 110 1 0.9 98 0 Ot 
| healthy 
Colorado 14 wks. old, healthy 1049 0 0) 170 0 Ot 
OC re 2057 380 19 837 OD Dif 


Symbol: (—), not tested. 
* Indirect complement fixation test. 
+ Direct complement fixation test; heat-inactivated sera. 


The results of testing these birds for hypersensitivity and for the presence 
of serum antibody are summarized in TABLE 8. Seventy-one and 78 per cent, 
respectively, of the 1-year-old SK and J flocks were skin reactors. The 
percentages of serologic reactors from these flocks were essentially the same as 
the allergic reactor tests. In contrast to the large number of reactors among 
the 1-year-old birds, only 35 per cent of the 2-year-old and 11 per cent of the 
2- to 5-year-old birds of the SK flock were skin reactors. Similarly, only 8 
per cent of the oldest birds were serologically positive. In the SK flock the 
breeder observed that the infection was not as severe and that the mortality 
rate was less in the toms than in the hens.* Such differences were not noted 
in the J flock. The number of skin reactors among the toms concurred with 
this observation. Of the 232 SK birds tested, 24 were toms and only 3, or 12.2 
per cent, were positive. In the J flock (255 birds), 5 or 71 per cent of 7 toms 
were positive reactors. 

Further suggesting the application of the intradermal test for epidemiological 
purposes, it was noted by the breeder that during the epizootic the mortality 
rate among older birds on ranch SK was lower than among the younger birds. 
The small number of allergic and serologic reactors attest to this observation. 

Flocks H and R, although in close proximity to flocks SK and J, showed no 
clinical ornithosis at the time of testing, and no skin reactors were found. 
However, of 170 birds from flock R tested for ICF antibody, 19 showed titers of 
1:2 or above. Among 109 birds tested from flock H, 4.6 per cent were positive 
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TABLE 9 


COMPARISON OF THE INTRADERMAL AND SEROLOGIC REACTIONS IN 


TurkEYs NATURALLY INFECTED WITH ORNITHOSIS 


Titer of sera 
Turkey Skin test 
Direct Indirect 
complement fixation* complement fixation 
3 16 Sy neg. 
2, 4 0) neg. 
20 0 0 neg. 
23 8 td neg. 
35) 256 128 neg. 
49 0 0 neg. 
50 128 128 neg. 
1 8 256 + 
2 32 128 in 
4 128 256 == 
5 SS 0 a 
66 256 256 4 
i 16 (—) + 
8 2 64 + 
9 256 32 + 
10 256 64 = 
itil 32 8 Sie 
13 128 128 ae 
14 128 256 + 
15 64 8 = 
16 256 128 ste 
17 256 128 af 
18 32 16 + 
19 128 32 a= 
21 64 128 = 
22 64 128 = 
24 128 32 < 
26 256 256 ae 
28 32 32 + 
29 64 64 a8 
30 16 4 28 
31 A 8 4. 
32 64 8 a 
33 512 256 4c 
34 16 4 a 
20 5 0 ai 
37 128 32 fe 
39 128 16 ay 
a 16 16 4 
41 16 0 i 
a 64 256 at 
47 16 8 ah 
= 8 256 a 
Per cent positive 92 85 85 


Symbol: (—), not tested. 
* Heat-inactivated sera, 
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TABLE 10 
CoMPARISON OF THE SKIN-TEST AND SEROLOGIC METHODS FOR THE DETECTION OF ORNITHOSIS 
IN NATURALLY AND EXPERIMENTALLY INFECTED TURKEYS 


Per cent : 
i y | ST* pos. | ST neg. | ST pos. | ST neg. eo Gh ants 
Turkey ioe tested | sero.f poOs.|sero. pos.|sero. ne sero, hen, eae 
ST | Sero: 
Natural infection for 3 to, | 
4 months, SK flock... 48 | 39 5 p 2) 85 | 92t 85 
Natural infection for 3 to 
4 months, J flock..... 45 oF 3 8 7 7} || YAS 76 
* Skin test. 


+ Serologic. 
t Complement fixation test; heat-inactivated sera. 
§ Indirect complement fixation test. 


by the ICF test. It should be pointed out that the birds skin-tested from 
flock H were considered prize birds and had been separated from the flock be- 
cause of their robust appearance, whereas the serologically positive birds were 
from the culled flock. It was known that the sensitivity of the intradermal 
test was limited during early infection. Studies have shown that allergic 
sensitization developed later than circulating antibody.” Subsequent to 
this study, an ornithosislike agent was isolated from flock H, and the number 
of serum reactors from both H and R flocks had increased." It would appear, 
therefore, that the infection in these flocks was initiated shortly prior to the 
time of skin testing, and that serum antibody appeared prior to the develop- 
ment of allergy. In such a situation the skin test might yield supporting 
data on the initiation of ornithosis activity in this flock. It should be empha- 
sized that the intradermal test is not suitable for diagnostic purposes, but is 
suitable for mass surveys to determine the extent of past infections. 

The ICF, DCF (heat-inactivated sera), and skin-test methods were com- 
pared in 48 randomly selected birds from flock SK; the results given in TABLE 
9 show that the allergic test compared favorably with the two serologic tech- 
niques. The results further summarized in TABLE 10 show that the serologic 
and skin tests agreed in 85 and 76 per cent of the naturally intected birds. 


TABLE 11 
ABILITY OF DIFFERENT ANTIGENS TO Frx COMPLEMENT WITH 
TURKEY AND CHICKEN ANTL-ORNITHOSIS SERA 


Turkey antiserum | Chicken antiserum 
Antigen = ae - 
Unheated Heated Unheated Heated 
Virus suspensions.......- + — ile E 


oe 


Detergent extract.....--. + sp 
Phenol-soluble fraction of 

CX UTAG IO oe ieee mae 9) 23 + _ -f — 
Phenol-insoluble fractio 

Gi Granpkeees omer norore + + 
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This was in good agreement with the 80 per cent correlation previously ob- 
tained with experimentally infected chickens." 


, Conclusions 


The results of the experiments with turkey and chicken antibody indicate 
that their abilities to fix C’ with homogolous antigen differ. These two species 
probably cannot be grouped as producing qualitatively similar CF antibodies. 
The reactive group (or groups) on the antibody molecules associated with 
fixation of C’ are apparently heat labile, but the degree of lability is different 
for turkey and chicken antibody as evidenced by the fixation of C’ with heated 
turkey serum and the soluble antigen. Turkey and chicken antibody are 
dissimilar in at least this one respect. A summary of these reactions is given 
in TABLE 11. According to our present knowledge of the ornithosis system, 
the animal species can be listed in decreasing order of their ability to fix C’ 
as follows: mammals (rabbit, guinea pig, man), psittacines, pigeon, turkey, 
and chicken. Whether duck antibody is similar to turkey or chicken anti- 
body remains to be determined. Work is in progress to determine whether 
ICF antibody represents the DCF antibody and has lost CF ability because of 
inactivation of reactive sites. 

In regard to the intradermal test, the results of skin-testing naturally in- 
fected ornithotic turkeys confirm previous observations made on cutaneous 
hypersensitivity in experimentally infected chickens.’ The good correlation 
between the serologic and allergic reactor rates suggests the usefulness of 
the intradermal test for detection of ornithosis exposure. From a _ practical 
viewpoint, skin-testing large numbers of turkeys in the field was found to be a 
less cumbersome procedure than bleeding the birds and then processing the 
blood samples. According to our experience in testing more than 2000 turkeys 
in the field, 5 or 6 birds were skin tested for every bird bled. Of all the tests 
proposed, it is felt that the intradermal test is the most practical for extensive 
ornithosis survey studies. 
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Part VI. Other Contemporary Disease Problems 


THE CHANGING PICTURE OF MURINE TYPHUS 
IN THE UNITED STATES 


By Harry D. Pratt 


Communicable Disease Center, Public Health Service, Atlanta, Ga. 


The picture of murine typhus first appeared in the United States in 1913 
when J. E. Paullin reported six cases in Atlanta, Ga. The epidemiological 
studies of Maxcy (1926 and 1929) in the southeastern part of the country 
showed conclusively that endemic typhus was a milder disease than epidemic 
typhus; that it occurred in individuals who were not infested with body lice; 
that cases occurred more commonly in summer and fall than in winter and 
early spring, as in the case of the classic louse-borne typhus; and that there 
might be a rodent reservoir of the disease. The investigations of Dyer, Rum- 
reich, and Badger (1931) showed that the orienta! rat flea (Yenopsylla cheopis 
Rothschild) was the vector of murine typhus. In this same year Mooser, 
Castaneda, and Zinsser (1931) established the fact that the domestic rat 
was the reservoir of this disease. In the 1930s the Weil-Felix agglutination 
test was used increasingly in the laboratory to confirm the clinical diagnosis of 
murine typhus. The number of cases of murine typhus reported annually 
increased from 511 in 1930 in four wavelike surges, with peaks of 2070 in 1933, 
2393 in 1937, 2996 in 1939, and 5401 in 1944, when the greatest number of 
cases was reported. Bengston (1941) and Bengston and Topping (1941) 
reported that the complement fixation test was specific for endemic typhus 
fever. This was followed by a later paper of Brigham and Bengston (1945). 

In 1944 and 1945 a new approach to the control of murine typhus—the 
use of DDT to control the oriental rat fleas that transmit the murine typhus 
rickettsiae from the rodent reservoir to man—was begun in two widely sepa- 
rated areas: Savannah, Ga., where Ludwig and Nicholson (1947) carried out 
much of the research basic to the cooperative CDC-State Health Department 
murine typhus control program begun in the last half of 1945; and San Antonio, 
Texas, where Davis (1945) carried out equally significant experiments on the 
control of rat fleas with DDT. 

In 1949 chloramphenicol (Chloromycetin) came into the picture as the first 
of a new series of antibiotics that were highly effective in controlling the 
rickettsial diseases (Smadel ef al., 1949). The decline in the number of cases 
and deaths due to murine typhus coincides with these last three significant 
discoveries: the DDT program to control oriental rat fleas, thus breaking the 
transmission cycle from rodents to man; the complement fixation test for 
laboratory confirmation of suspected cases; and the widespread use of anti- 
biotics for the treatment of human cases. 

It is the purpose of this paper to show the changing picture of murine typhus 


in the United States by comparing two four-year periods, 1941 to 1944 and 
1953 to 1956. 3 5 
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FrcurE 1. Annual total of reported murine typhus fever cases in the United States be- 
tween 1941 and 1956. 


The period 1941 to 1944 might be considered the culmination of the classic 
era of murine typhus in the United States, which began in 1913 with Paullin’s 
description. This period might be characterized as follows: 

(1) There was a steady increase in the reported cases of murine typhus, 
from 2784 in 1941 to 5401 in 1944, as shown in FIGURE 1. 

(2) There was an increasing number of deaths ascribed to murine typhus, 
as shown in TABLE 1, 108 in 1941 and 193 in 1944. 

(3) There were sizable populations of oriental rat fleas in many parts of the 
southeastern United States. Davis (1945) reported that the index of oriental 
rat fleas varied from as low as 3 to as high as 25 per rat in San Antonio, Texas, 
in 1944. Data from Public Health Service surveys of seaport towns made 
before 1940 and after 1944, before the initiation of DDT dusting, suggest that 
in many parts of the southeastern United States the oriental rat flea index was 
rather high from 1941 to 1944. For example, Cole and Koepke (1947) have 
published data showing an oriental rat flea index in Savannah, Ga., varying 
between 1 and 12 fleas per rat during the years 1932 and 1933, while Ludwig 
and Nicholson (1947) showed that in May and June of 1945 the index varied 
from 5 to as high as 57 fleas per rat, depending on the type of habitat and date 
of trapping. It is reasonable to assume that in the intervening years, 1941 to 
1944, the oriental rat flea population in Savannah was at comparable levels. 

(4) There was a rather high index of murine typhus infections in domestic 
(1948) has written that the blood of 35 per cent 


rats. As one example, Davis 
rway rats in San Antonio, Texas, gave 


of the roof rats and 51 per cent of the No 
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TABLE 1 ? 
Reportep DeAatHs Dur To TypHUS IN THE UNITED STATES, 1940 ro 1955 
Year Murine typhus Unspecifiedt 
1940 84 37 
1941 108 39 
1942 149 60 
1943 154 58 
1944 193 80 
1945 173 id, 
1946 128 35 
1947 88 31 
1948 68 15 
1949 2 23 
1950 = 13 
1951 — 16 
1952 — 6 
1953 =: 6 
1954 2 7 
1955 == = 


* Source: Vital Statistics of the United States, the years 1940 to 1944 published by the De- 
partment of Commerce, Bureau of Census; the years 1945 through 1949, by the Federal 
Security Agency, Public Health Service, National Office of Vital Statistics; and the years 
1950 through 1955, by the Department of Health, Education, and Welfare, Public Health 
Service, National Office of Vital Statistics, Bethesda, Md. 

+ Excludes Brill’s disease and other rickettsial diseases. 


a positive complement fixation test for murine typhus in 1944 to 1945. He 
wrote, ‘“...an analysis of presence of antibodies for typhus shows that [rats 
in] grain mills had a significantly higher per cent than stores or residences.” 
This localization of typhus in such places as granaries, mills, and along railroad 
sidings was noted by many investigators. 

(5) There were small epidemics of murine typhus in cities and fairly wide- 
spread infections in rural areas in the southeastern United States. Meléney 
(1941) has given a most interesting summary of the cases of endemic typhus 
occurring in cities such as Savannah, Macon, and Atlanta, Ga., for the years 
1922 to 1939, including an outbreak of 75 cases in Nashville, Tenn. in 1939. 
This trend continued from 1939 up through 1944, for Chatham County (Savan- 
nah) and. Fulton County (Atlanta), Ga., had 139 and 69 cases, respectively, 
in 1944 (Communicable Disease Center, 1947). Coffee County, Ala., may 
have had 500 cases in 1943, according to Hill and Ingraham (1947). Meléney’s 
maps are similar to those shown in FIGURE 2. 

(6) Typhus may have been under-reported in the southeastern United States 
from 1941 through 1944. There was a general feeling among health authorities 
that considerably more murine typhus existed than was reported to health 
departments. During the war years it was not possible to conduct an accurate 
survey to determine the status of typhus because of the shortage of manpower 
and the emphasis on malaria control. However, the survey made by Hill 
and Ingraham (1947) in 1943 in Coffee County, Ala., may be considered typical 
of the typhus situation at that time in parts of the Southeast. These in- 
yestigators wrote that only 61 cases of murine typhus had been officiaily re- 


Pratt: Murine Typhus in the United States 519 


1943-1945 1946-1947 


FicurE 2. Counties in 11 southern states reporting cases of endemic typhus fever be- 


tween 1922 and 1947 


ported from Coffee County in 1943, but in a door-to-door survey 211 persons 
said they had had the disease. Blood specimens were obtained from 177 of the 
211 reputed cases, and 135 revealed positive results in complement fixation 
and /or Weil-Felix tests. Therefore, more than twice as much typhus occurred 
in Coffee County in 1943 than was reported. Davis and Pollard (1946) made 
a careful complement fixation survey of 4219 persons in San Antonio, Texas, 
between February and June of 1945. They estimated that about 700 persons 
had been infected each year during the ten years from 1935 to 1945, although the 
peak number of cases reported by the San Antonio Health Department was 
91 in 1944. 

C. L. Williams (1949) has summarized the thoughts of many people interested 
in murine typhus control during this period in his discussion of the typhus 
control program initiated in 1946 by the Georgia State Health Department and 
the Communicable Disease Center in Brooks, Thomas, Grady, and Decatur 


counties in southwestern Georgia. He wrote: “Our workers first made a house- 


to-house survey in these counties to determine the number of cases of murine 
typhus that had occurred during the one-year period immediately preceding 
the survey. This study revealed that about one-third the number of cases 
had been ‘reported by physicians. If this figure is true for the whole typhus 
area, it would indicate that there actually occur three times as many cases as 
are reported; in 1944 this would have been about 16,000.” 
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(7) There were no effective drugs for the treatment of clinical cases of murine 
typhus. The authoritative Textbook of Medicine edited by Cecil (1940), 
which was widely used during the years between 1941 and 1944 stated simply: 
“There is no specific treatment for typhus. Treatment should be directed 
toward supporting the patient and eliminating as far as possible the source 
of exhaustion until spontaneous recovery can occur. Continuous rest in bed 
and nursing are most essential.” 

(8) Control of murine typhus was based on good general sanitation to limit 
rodent and oriental rat flea populations, supplemented by fumigation, rat 
trapping, ratproofing of buildings, and rat poisoning with relatively ineffective 
rodenticides such as red squill. 

From 1953 through 1956 quite a different picture of murine typhus may 
be seen in the United States, as indicated by the following data: 

(1) There was a steady decrease in the reported cases of murine typhus— 
from 221 in 1953 to 98 in 1956 (FrcuREs 1, 3, 4, 5, and 6). This is the first 
year since 1924 in which fewer than 100 cases of murine typhus have been 
officially reported to the Public Health Service. 

(2) There have been no officially recorded deaths due to murine typhus 
since 1950, although a number of deaths due to “unspecified typhus’ have been 
registered (TABLE 1). 

(3) The population of oriental rat fleas has been highly variable throughout 
the southeastern United States. In a study made in Atlanta, Ga., in August 
1957, a total of 482 oriental fleas was collected from 205 rats, an average of 
slightly more than 2 fleas per rat. The data for a series of rat, rat-flea, and 
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Ficure 4. Reported cases of murine typhus in the southeastern United States during 
1954. 
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rat-blood surveys are summarized in TABLE 2. These figures indicate that, 
while typhus infection rates in Norway rats have not changed significantly 
since 1950, the number of oriental rat fleas, particularly the average number 
of fleas per infested rat, increased in Atlanta in 1957. 

(4) There was a rather low index of murine typhus infection in rats in some 
parts of the southeastern United States, and a considerably higher index in 
other parts. In laboratory tests of 195 rat sera collected in Atlanta, Ga., during 
August and September 1957, only 4 sera gave indications of typhus infections 
by complement fixation, and the titers were low in all these specimens, in the 
range of 1:4 to 1:16. 

(5) There have been no murine typhus epidemics in cities or in rural areas 
of the magnitude seen in the 1930s or early 1940s. Quinby and Schubert 
(1953) made a special effort to ‘detect association of proved cases in time, 
place, and persons thus defining areas considered as outbreaks.” This was 
successful only as follows: 


Brumdidgeselaaaan ta ee ete ants maitemence oter hex? 1950 2 cases 
Samson eA lace areca econ ee ee ee ere 1951 2 cases 
Sunny Losey (Oxoutanings WN ee 1951 2 cases 
Coluimibia.. Oa Ca snares ces crt cnteate epee aed 1951 6 cases 


(6) Typhus may have been over-reported in the southeastern United States 
from 1953 through 1956. This trend seems to have become apparent beginning 
in 1948. Quinby and Schubert wrote: “From 1948 through 1951, 351 reported 
and 99 unreported cases of murine typhus were appraised in 8 southern states. 
After complement fixation testing, 58 per cent of the reported cases and 
33 of the unreported cases were confirmed. At least 25 per cent of the reported 
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Ficure 6. Reported cases of murine typhus in the southeastern United States during 
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TABLE 2 
Data ON Rats TRAPPED, RAT SERA TESTED FOR TypHus, AND NUMBER OF XENOPSYLLA 
CHEOPIS FOUND ON Rats TRAPPED IN FuLTON County, Ga., From 1945 To 1957 


: 
¥ Number ate Nao aoe Number rat sera | ate I e 
Year Saskia) mal! dented box: Sochun pect a he gee 
1945 150 | 35 23 a 761 
1946 507 416 63 74 433 
1947 | 1288 1243 255 257 1496 
1948 657 641 | 80 35 67 
1949 347 329 19 99 306 
1950 190 190 7 59 132 
1957 | 205 195* | 4 74 482 


* Twenty-one sera anticomplementary. 


cases were appraised as not typhus.” In Georgia, McCroan ef al. (1955) were 
able to confirm only 13 of 41 reported cases of typhus in 1953. They wrote: 
“One of the confirmed typhus cases was reported as Rocky Mountain spotted 
fever. Five of the 29 unconfirmed cases were classified as presumptive, but 
24 of these cases remained diagnostic problems even after prolonged study.” 

(7) There are effective drugs for the treatment of murine typhus, such as 
chloramphenicol, and the tetracycline agents,such as Aureomycin and Terramy- 
cin. However, these new antibiotics have had an important effect on the 
reporting of rickettsial infections to health departments. According to 
McCroan ef al. (1955): “‘The rickettsial infections are so well masked by anti- 
biotics that many cases are aborted and diagnosis with complete laboratory 
confirmation is a rarity. Development of complement fixation antibodies 
is delayed sometimes for 6 or more months. Confirmation of diagnosis in 
recent years has been achieved largely as the result of epidemiological follow-up 
of cases by public health agencies.” 

(8) Control of murine typhus today is based on good general sanitation, 
rat trapping, ratproofing, and rat poisoning with red squill, and a number of 
new rodenticides such as ANTU, 1080 and, particularly, the anticoagulants, 
such as warfarin and pival, which give effective rodent control, thus limiting 
the flea populations. Since 1944 a variety of new organic insecticides, such as 
DDT, dieldrin, and heptachlor, have been developed. These are cheap and 
effective, and they have a long residual action in controlling oriental rat fleas. 

Between 1926 and 1945 the majority of the cases of murine typhus were 
reported from the southeastern and the Gulf Coast states. In fact, the dis- 
tribution of cases in this area was so pronounced that the Communicable 
Disease Center manual (1949) included the statement: “Over 90% of the cases 
occur south of a line drawn from Charleston, South Carolina to Dallas, Texas.” 
Data on cases of murine typhus reported in this area for the 7 southeastern 
states of South Carolina, Georgia, Florida, Alabama, Mississippi, Louisiana, 
and Texas are presented in TABLES 3 and 4. It will be noted that, in the 
years 1941 to 1944, from 90 to 93 per cent of the cases of typhus were reported 
from these states while, in the later period from 1953 to 1956, 82 to 86 per 
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TABLE 3 
REPORTED CASES OF Murine TypHus IN SEVEN SOUTHEASTERN STATES, 1941 TO 1944 


1941 1942 1943 1944 
Souths Caro lin aeee errr te 105 192 193 178 
Cooria “ tee ogthe ea: 946 1154 1256 1182 
been sacooudaucsea rs 196 313 314 484 
INIGIDBNM ho os coe ec oor oe es 299 380 629 892 
IMSSISS( p[0ent nti 66 58 133 _ ts 
ILOUISEME Nc xoooagacet oes 200 165 232 283 
pT exaSie sec Meme were 733 1204 1452 1740 

| 
SUG, os po coancencat 2545 3466 | 4209 4937 
Wik S sco tall eee cen 2784 S22 4528 5401 
Percentage in 7 south- 
eastern states:........ 90% 93% | 93% 90% 


cent of the cases were reported from this area. In 1956, 51 cases, or more 
than one half of the total for the entire United States, were reported from 
Texas; 17 of them were confirmed by laboratory diagnosis. 

Many people have speculated on the reasons for this decline in murine 
typhus since 1944. A number of public health officials feel that the extensive 
DDT dusting program carried out by state and local health departments in 
cooperation with the Communicable Disease Center played an important 
part in the initial lowering of the typhus rate from 1944 to 1950. There was 
a considerably larger reduction in the number of cases of typhus in urban than 
in rural areas. Undoubtedly the re-emphasis on basic sanitation has played 
some part in reducing rat and rat flea populations in cities since the end of 
World War I, particularly programs for new municipal housing, slum clearance, 
ratproofing of business and food-handling establishments, better garbage 
collections, and sanitary landfills. In addition, there has been an ever-in- 
creasing reliance by private industry on exterminators for the control of rodents 
and all types of insects including fleas in business and food-handling establish- 


TABLE 4 
ReporteD Cases OF Murine Typuus IN SEVEN SOUTHEASTERN STATES, 1953 Tro 1956 
1953 1954 1955 1956 

South Carolina ete tr 11 11 7 
Georgia Rend tater 41 32 15 9 
CLOT a aera meas ee 10 5 11 6 
INEM RTE, oc 19 23 20 10 
IMEISISSYOM. Goya 3 — 3 0 
TEOWOUISENIE oo ey pe a 7 3 sh gy 
ASC ie ees ee 92 64 Ny 51 
SCL Oua a 183 138 114 85 7 
URS tO tales, senek eee 221 163 135 98 
Percentage in 7 south- ; = 

eastern states:.........| 82% 84% 84% 86% 


Pratt: Murine Typhus in the United States 525 


ments. It is probable that the widespread use of many of the newer rodenti- 
cides, such as warfarin, pival, 1080, or ANTU, has had an over-all influence in 
reducing the number of older rats with typhus infections, thus reducing the 
reservoir of infected rodents. Since 1949 the increasing use of new antibiotics 
such as chloramphenicol, Terramycin, and Aureomycin may have affected the 
reporting of cases by delaying the development of murine typhus antibodies 
in the blood and making positive laboratory confirmation of this disease 
difficult or hopeless. 

It is impossible to predict whether murine typhus may eventually be eradi- 
cated from the United States, as seems possible with malaria, or whether the 
disease will recur with increasing frequency. The Atlanta survey made during 
the summer of 1957 did indicate that the average rat-flea index was high enough 
(an average of 2.4 oriental rat fleas per rat) for the transmission of murine 
typhus rickettsiae from the rodent reservoir to man, but that the level of 
typhus infection in rats was very low. For this reason very few typhus cases 
should be expected in Atlanta this year. It is worth noting, however, that 
the few typhus infections found in rats in Atlanta in 1957 occurred in typical 
“typhus areas,” namely, in low-income housing areas, in old business districts, 
and around milling companies. In some of these areas there were between 
30 and 40 oriental rat fleas per rat, a dangerously high index if the typhus 
infection rate should increase in rats in these areas. In this connection it is 
interesting to note that the Morbidity and Mortality Weekly Report for August 
23, 1957, reported 76 cases of murine typhus for the period January 1 to August 
17, 1957, as compared with 70 for the comparable period in 1956. It is there- 
fore possible that more cases of murine typhus will occur in 1957 than in 1956, 
and that murine typhus will become a more severe problem than it has been 
in the last several years. 


Summary 


The changing picture of murine typhus in the United States is discussed by 
comparing two 4-year periods, 1941 to 1944 and 1953 to 1956. 

In the first period the number of cases of murine typhus showed a steady 
increase from 2784 reported in 1941 to 5401 in 1944; in the latter period the 
number of cases of this disease decreased from 221 in 1953 to 98 in 1956. There 
has also been a decrease in the number of deaths ascribed to murine typhus. 
The number of deaths varied from 108 in 1941 to 193 in 1944. Since 1950 not 
one death has been officially recorded as due to murine typhus fever, although 
a number of deaths due to “unspecified typhus” have been registered. 

In the first period, 90 to 93 per cent of all the reported cases in the United 
States occurred in seven states: South Carolina, Georgia, Florida, Alabama, 
Mississippi, Louisiana, and Texas; in the second period, 82 to 86 per cent 
were concentrated in this area. 

In the first period treatment of murine typhus was largely symptomatic; 
today there are broad-spectrum antibiotics, such as Chloromycetin, Aureo- 
mycin, and Terramycin, which give quick and effective cures. : 

These new drugs, however, mask all types of rickettsial infection, so that 
diagnosis with laboratory confirmation is difficult or rare. The use of these 
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new drugs has therefore probably obscured the true incidence of this disease 
today. é 

In the first period the prevention of murine typhus was based on controlling 
infected rat fleas by fumigation, rat trapping, rat poisoning with relatively 
ineffective rodenticides such as red squill, ratproofing, and sanitation. Today, 
in addition to these methods, there are powerful insecticides, such as DDT, 
dieldrin, and heptachlor, which give excellent control of infected rat fleas 
for weeks or months. Many new rodenticides have been developed, such 
as ANTU, 1080 and, particularly, the anticoagulants, such as warfarin, pival, 
and fumarin, which give effective rodent control and thus limit the flea popu- 
lation. Re vs 

Finally, one can speculate that improved sanitation programs in cities 
throughout the United States and the increasing reliance of private industry 
on commercial pest-control services to control rodents and all types of insects 
have had a long-term influence on the steady and continued decrease of murine 
typhus in the United States. 
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AIR-BORNE TRANSMISSION OF Q FEVER: THE ROLE OF 
PARTURITION IN THE GENERATION OF 
INFECTIVE AEROSOLS* 


By Hartwell H. Welsh, Edwin H. Lennette, Francis R. Abinanti,t 
and John F. Winnt 


Viral and Rickettsial Disease Laboratory, California State 
Department of Public Health, Berkeley, Calif. 


Prior to 1944-1945, Q fever as a disease of humans was a clinical rarity seen 
as a naturally occurring illness only in Australia. In the past thirteen years 
the disease has shown itself on all the continents and the British Isles, in 
circumstances varying from sharply defined and explosive outbreaks to smol- 
dering and continuous endemics. It now appears that it can be found in any 
part of the world where an effort is made to detect it. Whether the disease 
has spread from Australia to the rest of the world in the years since its original 
description by Derrick! in 1937 or whether propitious circumstances led to its 
recognition first in Australia is a question that cannot be answered at present. 
In any case Q fever has become a disease of world-wide importance, and the 
considerable effort expended in attempts to define the natural history of this 
disease has been highly productive, especially during the last decade. 

Derrick? and Stoker and Marmion® have presented very fine reviews of 
the findings relative to the epidemiology of the disease in general; beyond a 
brief synopsis of this subject, the present paper will deal rather with data con- 
cerning the actual generation and persistence of infective sources of the agent. 


THE EPIDEMIOLOGY OF Q FEVER 


Sources of the agent in nature. Coxiella burnetii has been isolated from at 
least 22 species of ticks,**! 1 insect,» 8 mammals,*** and at least 1 bird.5? 
Many of the ticks found naturally infected have been shown capable, under 
laboratory conditions, of transmitting the infection by bite. In some species 
stage-to-stage transfer of the agent occurs and, in others, the agent is trans- 
mitted transovarially. The tissues and excreta of such infected ticks have 
been shown to be potential sources of large numbers of the organism. 

Among ‘domestic animals, cattle, sheep, and goats would appear to be the 
most important sources of the organism because of their world-wide distribution 
and large numbers. C. burnetii has been isolated from the tissues of cattle 
and sheep and from the secretions and excretions of all three species. The 
placenta is an especially rich source of the agent. In the case of sheep it has 
been shown that the wool itself!» ° may be heavily contaminated with the 
organism. This is presumably true of cattle and goat hides as well, although 
this has not as yet been firmly established. 


* The work on which these observations are based was supported by Grant E-195 from 
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Other domestic animals, and wild or domestic birds or fowl, are perhaps 
potential sources of C. burnetii, but are less frequently involved in the disease 
cycle than are the three major domestic animal species. 

Man has on occasion been the source of rickettsiae: *4 in tissues from fatal 
cases, and from sputum and urine during the acute illness. Person-to-person 
transmission of the agent has been of importance only in isolated instances” 
and does not seem to be of consequence in spread of the disease. 

Modes of transmission to man or to domestic animals. Transmission of the 


infective agent from natural sources to man or to domestic animals may occur 


in a number of ways, depending upon the situation. In the case of man, the 
association between infection and exposure to domestic animals or their prod- 
ucts is very striking; exposure may be occupational or residential in type and 
intense or merely casual in nature. In the case of domestic animals a similar 
association may exist, but it is considerably more difficult to establish because, 
in most instances, the occasions on which domestic animals can be kept from 
close association with other livestock are far less common. 

Definite epidemiological evidence exists that C. burnetii may be carried 
over considerable distances on inanimate objects, such as clothing,”® wool,” 
hair,®® straw,®® packing materials,®° and dust.®! More direct evidence exists in 
the case of wool. 

As mentioned previously, the possibility of transmission by the bite of 
infected ticks is a potential method utilized by the agent for transfer from one 
host to another. However, the evidence that such a method is of any real 
consequence is scant. On the other hand, the tissues and excreta of infected 


ticks have undoubtedly been responsible for some human infections brought 
- about by handling of items thus contaminated. 


In the same manner, that is, through manipulation or agitation of contam- 
inated surfaces, the ground and soil of areas housing infected livestock may 
be, through the generation of dusts containing infectious particles, a very 
important method for transmission of the agent to susceptible hosts.” © 

Routes of infection for man and animals. Several portals of entry into the 
susceptible host exist in the case of C. burnetii. Thus, laboratory animals 
may be infected through the unbroken (probably abraded) skin; by sub- 
cutaneous, intradermal, or intraperitoneal inoculation; through ingestion of 
infective materials; by placement of infective materials on the conjunctiva; 
by intranasal instillation; or through inhalation of artificially generated in- 
fective aerosols. It is assumed that the same potential routes of infection 
exist in the case of larger animals and man; as a matter of fact, some of these 
routes have been shown epidemiologically to be of importance in producing 
infection under natural conditions. es 

With respect to man, at least, a general survey of the reported epidemiologi- 
cal findings indicates that the majority of cases of Q fever may well have 
resulted from contact with air-borne rickettsiae taken into the body either 
through inhalation or through deposition onto the ocular conjunctivae or other 
mucous membranes. Of these possibilities, the respiratory route constitutes 
the most probable means of ingress for the agent. 
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Infective aerosols may be classified in several ways and, for present purposes, 
they may be classified as either primary or secondary in type. A primary 
aerosol may be defined as one generated directly by, or in direct association 
with, an infected animal, for example, an infective aerosol arising during par- 
turition of an infected animal. A secondary aerosol then, is one produced by 
some factor, or action, or incident temporally or spatially removed from those 
giving rise to primary aerosols. Secondary aerosols are produced during the 
handling or processing of contaminated materials, such as wool and hides, 
at some distance in time and/or space from, for example, the site of the original 
parturition. 

Infection with C. burnetii can obviously be produced by both primary and 
secondary aerosols. The production of secondary aerosols is relatively easy; 
indeed, many instances of infection recorded in the literature appear to have 
been unavoidable. The handling of contaminated materials in plants or 
places far removed from the actual animal sources responsible for the con- 
tamination has on occasion produced outbreaks of Q fever in wool plants,*” 
laundries,°® and in such unlikely places as an art school® and a locksmith shop.” 
Such outbreaks appear to be possible whenever objects contaminated by 
infected animals are handled. In the immediate environs of infected live- 
stock, such infective aerosols are readily produced by a mere agitation of the 
ground surface.®: ° 

Secondary aerosols are highly important epidemiologically, being a major 
factor in the dissemination of the disease to new areas and populations and, 
perhaps, they play a greater role in the production of human illness than do the 
primary aerosols; nevertheless the circumstances surrounding the production 
and persistence of primary aerosols are of more than passing interest. It is the 
circumstances surrounding the production of these primary aerosols with 
which we shall be concerned in the remainder of this report. 


THe PRODUCTION OF AEROSOLS OF C. BURNETII BY 
INFECTED ANIMALS 


Many prior observations, cited above, had shown that a large percentage 
of human illness due to Q fever occurred in individuals exposed to domestic 
livestock either by occupation or residence. In attempts to clarify this re- 
lationship, we found that the rickettsia is excreted by infected animals during 
parturition in the placenta and birth fluids, and afterwards in the feces. Fur- 
thermore, it appeared likely that human and perhaps also animal infection 
could be acquired by exposure to aerosolized infectious materials. Conse- 
quently, air-sampling studies were undertaken to determine the factors related 
to the appearance and persistence, if any, of C. burnetii in the air of the environs 
of known infected animals. A group of pregnant sheep was inoculated intra- 
venously with varying doses of C. burnetii. Six animals were used in the 
studies, and the air-sampling trials, using a cotton plug sampler, were con- 


ducted over a period encompassing the ante-partum, parturient, and post- 
partum states of each infected sheep. 
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Methods and Materials 


Inoculation of animals. Six sheep, in 2 groups of 3 animals each, were 
inoculated intravenously via the external jugular vein. Each animal of the 
first group received 1 X 10° hamster infective doses (intraperitoneal), and 


each animal of the second group received 1 X 10‘ hamster infective doses of 
~C. burnetii. The inoculum consisted of 10 ml. of infected yolk sac diluted 
to the appropriate concentration with sterile skimmed milk. 


Housing of infected animals. The sheep used in these studies were housed in 


isolation cubicles of the following dimensions: width 3 feet, length 8 feet, and 
height 8 feet; total volume, 192 cubic feet. Each cubicle was completely 
enclosed by wooden tongue-and-groove walls and ceilings. The floors were of 


cement. A solid plywood door at one end of the cubicle opened onto a common 


interior alleyway. The doorstep was raised 8 inches from the concrete floor. 


At the other end of the cubicle, a door, half glass, gave access to an outer 
alleyway open to the exterior but covered by a roof. 

Ventilation in each cubicle was accomplished by natural air flow through a 
6 X 18-inch screened opening near the bottom of the door to the outer alley- 
way. There were no other gross openings in the cubicles. Traffic between 
the cubicles was confined to the inner alleyway; the usual “‘isolation tech- 
niques” were carried out at all times. However, the possibility that traffic 
or minute openings between the cubicles could result in cross-contamination 
cannot be ruled out. 

The sheep were placed in these pens prior to inoculation and were kept 
there throughout the entire study. 

Once each week, up to the time of parturition, the pens were cleaned and 
fresh wood shavings added to a depth of approximately 3 inches. Pens were 
not cleaned for 2 weeks following parturition. Additional shavings were added 
as necessary, however, to provide a clean, dry surface for the comfort of the 
animals. Fresh water and feed were provided daily. 

Types of air-sampling equipment and preparation for use. Cotton plug 
samplers of the type described by Rosebury™ and as modified by ‘‘S”’ Division, 
Camp Detrick, Md., were used throughout these studies. 

Clean glass sampler shells were sterilized in an autoclave at 18 lb. pressure 
for 30 min., and then packed with wafers punched from a single-roll thickness 
of sterile No. 1 absorbent cotton. The wafers were cut with a three-fourths- 
inch diameter leather punch and were thus similar with respect to thickness, 
diameter, and fiber length. The wafers were forced into the glass shell against 
a stainless-steel retaining screen previously placed in position. Sufficient 
cotton wafers were placed in each sampler shell to provide resistance to air 
flow equal to displacement of 28 to 32 mm. of mercury at a flow rate of 20 
]./min. 

After packing and calibration, the samplers were placed in cotton-stoppered 
glass tubes and sterilized by dry heat (350° F. for 60 min.). Tests indicated 
that the resistance and the general physical characteristics of the samplers 
were not affected by this procedure. The samplers were kept in closed con- 
tainers until used in the sampling trials. 
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After use in the trials, the cotton-plug portion of the sampler was removed 
aseptically from the glass shell, placed in a sterile screw-capped jar, and stored 
at —20° C. until it was prepared for testing in laboratory animals. Prior to 
testing, the jar containing the cotton plug was placed in cold running tap water 
until the sampler was completely thawed. The cotton plug was then broken 
up with the use of sterile forceps, and to each sample was added 25 ml. of a 
0.4 per cent solution of Triton X-100* in distilled water. The mixture was 
agitated for 20 min. and 5 ml. of the resulting supernatant fluid was pipetted 
off. Penicillin was added to a final concentration of 400 units/ml. and the 
mixture allowed to incubate for 4 hours at 4° C. prior to inoculation into ani- 
mals. 

Inoculation of laboratory animals. Hamsters six to eight weeks of age were 
used as test animals in these studies. Each mixture was inoculated into 
four hamsters each animal receiving 1 ml. intraperitoneally. Six weeks after 
inoculation the animals were bled by cardiac puncture, and their sera were 
examined for the presence of antibodies to C. burnetii by the complement 
fixation technique. The presence of antibody in the serum of one or more 
animals of a test group of four was regarded as evidence of infection and as an 
indication that the specimen inoculated had contained C. burnetii (large-scale 
studies had indicated that the hamster population in use had had no previous 
experience with the organism). During the six-week test period uninoculated 
control animals were left in the same quarters as the inoculated hamsters. 
Complement fixation tests done on sera drawn from these animals after this 
period were negative, indicating that the antibody present in the sera of inocu- 
lated test animals was not elicited by cross contaminations. 

Conditions of air sampling. Samplers were placed 4 feet above the sur- 
face level of the sheep pens through a small port cut into the interior door. 
The sampling rate was set at 10 1./min. by means of calibrated limiting orifices 
set into the sampling lines. Samples were taken for periods of one half to one 
hour daily, starting with a date approximately 1 week prior to the expected 
parturition in each pen, and continuing to a date 2 weeks postpartum in each 
case. 


Results 


The results of the air-sampling trials, together with certain ancillary data, 
are presented in TABLES 1 and 2. Air-sampling trials were conducted prior to 
the first parturition in this group of 6 animals, sampling being done in pens 
9 and 14. The original intention was to determine, for each pen, whether the 
ante-partum atmosphere was free of the organism. The long period of sampling 
shown for pens 9 and 14 was unintentional, and it arose because parturition was 
not as imminent as was believed at the time the sampling was initiated. How- 
ever, the prolonged observations made on these 2 pens show quite well that 
no rickettsiae, at least in detectable amounts, were present in the air during 
the period between inoculation of the animals and the occurrence of the first 
parturition in the group, a period of 12 days. 


* Rohm & Haas Co., Philadelphia, Pa. 
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TABLE 1 
RESULTS OBTAINED FROM ATR SAMPLING CARRIED Out IN PENS HousING PREGNANT 
SHEEP ARTIFICIALLY INFECTED WITH COXIELLA BURNETII. SAMPLING 
DoNE PRIOR TO PARTURITION 


Pen 9 Pen 10 2 ; 3 2 
Sheep 12 Sheen 13 | gion r Sheep Y ones shea 38 
Dosage 1 X 109 1 X 10° 1 X 10° 1 X 104 1 X 104 1 X 104 
Placenta Out* Int | Out In Out In 
| | 
Date P | es. | P | cs.| P | esl > cs |-pll esate pul crs. 
January 16 —14| — | | 7) ee 
17 aS ie 216 = 
18 —12) — | | =134) = 
19 —11| NC | —17 | NC 
20 —10 | NC —16 | NC 
21 —-9 5 = | —15| — 
22 —8 = aed —14) —-— 
23 —7 _ =13 = 
24 —6 = ley = 
25 —5 NC | —1ih || INKE 


* Placenta removed from pen immediately postpartum. 

+ Placenta left in pen throughout entire sampling period. 

P = Days before (—), or days after (+) parturition. 

C.S. = Results of hamster inoculation of the cotton-plug air sample taken on a given day. 
+ = C. burnetii present in air sample. 

— = C. burnetii not present in sample. 

NC = No sample collected. 


On January 28, parturition occurred in sheep No. 13, in pen 10, and it will 
be noted from TABLE 2 that the rickettsiae were recovered from the air of this 
pen on this day, and that they were present therein for at least 14 days there- 
after. The air sample taken in this same pen on the day before parturition 
did not contain the rickettsiae. It will also be observed that, on the day 
prior to parturition in sheep No. 12, pen 9, rickettsiae were present in the air 
of the pen, and presumably represented contamination from the adjacent pen 
10. It is possible that contamination of the atmosphere in the other pens may 
have occurred, but since sampling in pens 11 to 13 was not done, no statement 
can be made. However, no rickettsiae were recovered from the air of pen 14, 
which was the farthest removed from pens 9 and 10. Parturition in sheep 
No. 12 on January 30 was also associated with the presence of the rickettsiae 
in the air of the pen (pen 9) in which it lambed, and the organisms were present 
continuously for at least 11 days after the parturition. 

Essentially the same situation was observed in the cases of sheep Nos. 2, 
4,7, and 38; that is, parturition was accompanied by the presence of rickett- 
siae in the air during an appreciable period of time. Some cross-contamination 
presumably occurred between the pens in several instances, since the rickett- 
siae could occasionally be detected in pens in which the animals had not yet 
lambed. This sporadic appearance in these pens is in contrast to the essen- 
tially continuous presence of the organism in the same pen after the occupan t 
had lambed. These observations on the appearance of rickettsiae In the air 
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TABLE 2 
RELATIONSHIP BETWEEN PARTURITION OF SHEEP INFECTED WITH COXIELLA BURNETII AND 
APPEARANCE OF THE RICKETTSIA IN THE AERIAL ENVIRONMENT 


n | Pen 13 Pen 14 
eee Beeae sete eae Sheep 4 Sheep 38 
9 1 xX 109 1X 109 1X 104 1 x 104 1X 104 
Panta ; ate In Out In oe In 
Date 12 Cis: P Cas iy Css: Hid CS iz Gist Ie GiSe 
== | | —10 
January i zm = ap Bac 
28 —2);— oO; + a = 
29 il | oe api! | S- = — 
30 Oo} + 4+2)}+ is ae 
31 spill || ae +3) + = 
4 —4 aa 
Ae ie a Te - rae PMs ie 
3) +4 ]NC; -+-6 | NC 0; + +1})+ —2 + 
4 +5 | + +7) + +1) 4+ —4|/— Be Neate || at! — 
5 =O || = S=6) || oe See) te —3 |) + +3} 4+ | 0 — 
6 +7) 4+ +9 | — +3 | + —2/— +4 | 4 sie! = 
7 spe || Se |) sail) =e +4 | — —1/|— +5] — ae Se 
8 | 49/4/41) +) 45/4) O14) +614) 23 ae 
9 =| Sie | Ss || Se se) || Se SS +4 te 
10 | #11. | +] +13) 4+) 4714+) 40/4) 489) 4 |) a5 
| | ea 
11 | $12 | = | 414) | 48) 4+] 4314 ] 40) 4) See 
12 | +13 | + +9/ +] +4] +] 410}—] 47] + 
13> | 16") = +10) — | +5)+ |) 411) 4+) +37) =e 
14 +11 | — +6] + | +12 | + +9 aS 
15 +12} — +7 | — | +134) = +10 oa 
16 +13 | — +8 | a | 414) =) 
Me +14 +9 | + 52 | oa 
18 +10 | — +13} + 
19 |} +11 | — +14 _ 
20 S12 oe 
2 4-13 |= 
22 Sel | 


Refer to TABLE 1 for explanation of symbols. 


of pens housing preparturient animals coincidentally with, and following, 
parturition in infected animals in adjacent pens, agree well with other studies 
done in this laboratory. 

From TABLE 3 it will be noted that both the placenta and the birth fluids 
contained rickettsiae and that the rickettsial content of the former was tre- 
mendous. It might be assumed, therefore, that the initial and most important 
source of rickettsiae was the placenta and, to a lesser extent, the birth fluids. 
Nevertheless, it would appear that the long-continued excretion of the organism 
in the stool postpartum also must have contributed to the contamination of the 
environment. On the whole, the rickettsial content of the stools was con- 
siderably less than that of the placenta. The true origin of the rickettsiae in 


Welsh et al.: Air-Borne Transmission of Q Fever 335 


TABLE 3 
INFECTIVITY OF PLACENTA, Brrtu Fiurmps, AND FECES OF PARTURIENT 
SHEEP INFECTED WITH COXIELLA BURNETII 


Infectivity titer of Feces consis- 

Sheep No. = ss = _ tently infec- Titer of feces on 
Placenta* ae fluids | Fecest  peruie og cates 

12 (Pen 9) ix 10°} NC 4 x 10* (12 ney) 14 1 X 108 (14 
13 (Pen 10) 1 X 107} 1 * 108 | 1 X 10° (10 min.) 15 1 X 10? en 
2 (Pen 11) Te OS ex 108 1x 108 hr.) 18 1 x 10? (14) 
7 (Pen 12) 1X 108} 1 X 108 | 1 & 10° (10 min.) 11 Negative (14) 
4 (Pen 13) eo LO NC £1054 br) 14 eee al) 
38 (Pen 14) ee kers NC 1 X 107 (4 hr.) 14 1 X 10! (14) 


2 “oid titers of material expressed as 50 per cent hamster infective doses per gm. 
or mi. 
+ First postpartum specimen, collected 10 min. to 12 hr. postpartum, as indicated. 


‘the stools is open to conjecture. It is possible that the presence of the organism 
in the stool represents true excretion, in the sense that the organisms were 
released from some focus in the body and were excreted into the intestinal 
tract, or that multiplication may have occurred in the intestinal mucosa. 
On the other hand, the organisms in the stool may represent mere passive 
contamination due to the ingestion of contaminated food or inhalation of 
infectious materials subsequently swallowed. Experimental work directed to 
a firmer understanding of these points is highly desirable. 

That the act of parturition itself is responsible for the initial contamination 
of the air is well illustrated in TABLE 4, which gives the chronological sequence 
of events at parturition as they relate to the first appearance of the rickettsiae 
in the air. In the case of sheep No. 38, the last sample of air taken before 
parturition was obtained approximately 18 hours before the birth of the lamb. 
| 
| 


No rickettsiae were detectable in this specimen. However, a sample taken 
at an interval of about 3 to 5 hours after the parturition did contain demon- 
strable numbers of the organism. In the case of sheep No. 2, rickettsiae 
were detected in air samples taken 1 to 2 hours after parturition. The air 
of this same pen had not contained the rickettsiae 24 hours prior to parturi- 
tion. The most interesting findings pertain to sheep No. 13. As can be seen 
from TABLE 4, air sampling was being conducted for 55 minutes before, and for 
5 minutes after, the first lamb of a set of twins was born. The specimen of 
air collected during this 1-hour period was negative for rickettsiae even though 
sampling was carried out for about 5 minutes after the birth. Air sampling 
was resumed, using fresh filters, at 2:54 P.M. and continued for 10 minutes, 
being discontinued just as the second lamb was born. This air sample 
contained rickettsiae, indicating that the organisms appeared in the air 
within 5 to 24 minutes after the birth of the first lamb (worthy of remark is 
the fact that the air samplers were in the normal position as described earlier; 
that is, no attempt was made to place the samplers in especially favorable 
locations near the animal during the actual parturition). Offhand, it is difficult 
to see how more direct evidence implicating parturition in environmental 
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TABLE 4 
RELATIONSHIP BETWEEN PARTURITION OF ARTIFICIALLY INFECTED SHEEP 
AND CONTAMINATION OF THE ENVIRONMENT WITH COXIELLA 
BURNETII, AS SHOWN BY AIR SAMPLING TRIALS 


Sampling Period Samp- a 
Date ler re- Remarks 
oie Start Stop sults 
74 12220 SPEViEa el 20 evi - 17-19 hr. prepartal 
See ee 5 10:30 A.M. | 11:30 A.M. ae 3-5 hr. postpartum 
6 file SOWAT IVI 250) BNie + 30-32 hr. postpartum 
2 (Pen 11) 2 1 20V AIM) LS OPAC 24 hr. prepartal 
%) 12:00 M. 1:00 P.M. ae 1—2 hr. postpartum 
4 7:50) Pei 3250) Pave =p 28 hr. postpartum 
13 (Pen 10) | January 28 1245 (POM 245 Pave _ (Bag of waters pro- 
truding, broke as 
first lamb born at 
2:40 P.M.) 
| 2:54 FEM. 3:04 P.M. + (Labor—second lamb 
| born 3:04 P.M.) 
4°30) P2 My S230 Poe + | 114 to 24% hr. post- 
partum 


contamination could be obtained. With regard to the environment of the 
other 3 animals involved, it will be recalled from TABLE 2 that parturition 
of the animals in the respective pens resulted in either initial or renewed 
evidence of aerial contamination, although the time sequence could not be 
as closely followed. 

In discussing TABLE 2, it was seen that the rickettsiae persisted in the air 
of the pens for several days after parturition. The concentration of the inoc- 
ulum originally administered to the animals apparently had no influence 
on the length of persistence. The air of pens 9, 10, and 11, holding those 
sheep that received 1 X 10° hamster infective doses, contained rickettsiae 
in detectable amounts for 13, 14, and 9 days respectively, or an average of 12 
days postpartum. Pens 12, 13, and 14, housing the animals that received 
1 X 10% doses, contained rickettsiae for 9, 12, and 13 days, for an average 
persistence in these cases of 11.33 days postpartum. 

Because of the tremendous concentrations of rickettsiae present in the 
placental tissues, it seemed that removal of this highly infected material might 
affect the extent to which rickettsiae would continue to be found in the air. 
However, in this small series no obvious differences were noted, regardless 


of whether the placenta was removed from the pen or remained there during 
the entire sampling period. 


DISCUSSION 


In these studies it has been possible to show rather conclusively that the 
act of parturition is responsible for the generation of primary aerosols of C. 
burnetii. ‘Che actual mechanisms involved are admittedly obscure. 

In this present series the removal of the highly infective placenta from 


the pen immediately postpartum had no effect on the length of time during 
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vhich the organism could be detected in the air. It should be kept in mind, 
.owever, that even though the placenta was removed, there still remained 
he possibility that an appreciable amount of contamination could have arisen 
-rom spillage of the infected birth fluids. In view of the relatively low rickett- 
‘ial content of these fluids, their ability to give rise to long, continuous con- 
samination of the air can be questioned. The possible role of infected feces 
‘n providing a constantly renewed source of the organism cannot be overlooked. 
The rickettsial content of the feces was, in some instances, quite high, but 
ere the question of cause and effect must be considered; that is, whether 
he infected stools were the result of true excretion or of only passive contamina- 
jon having as its source the infected environment itself. 

The relative importance of these various materials in determining the time 
span of aerial contamination with C. burnetii will be shown only when it is 
Fletermined whether replenishment of this nature is necessary. It is entirely 

yossible that some proportion of the total concentration of rickettsiae initially 

| ntroduced into the air at parturition will remain airborne in detectable amounts 
“or a considerable period, especially under interior conditions. 
In attempting to elucidate some of the problems concerning the original 
ssources of C. burnetii in the environment of infected animals, we have raised 
other questions with respect to the persistence of the rickettsiae in such environ- 
ments. The observations made thus far have shown that the rickettsiae are 
aot normally present in the aerial environment of artificially infected pregnant 
sheep until parturition occurs. It is also clear that the act of parturition 
itself is responsible, in some manner, for the generation of the primary aerosols 
of this organism, but that the persistence of the agent in the air over periods 
sup to 14 days postpartum may depend on other factors. 
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HUMAN BRUCELLOSIS, WITH SPECIAL REFERENCE TO 
THE DISEASE IN THE UNITED STATES 


By Norman B. McCullough 


Laboratory of Clinical Investigation, National Institute of Allergy and 
Infectious Diseases, Public Health Service, Bethesda, Md. 


To evaluate the problems encountered in brucellosis it is necessary to under- 
stand the nature of the disease and some of the characteristics of the causative 
organism. 

- Brucella melitensis, Brucella abortus, and Brucella suis are closely related 
organisms that cause similar diseases in animals and man. However, there 
sire differences that are reflected in the epidemiology, the reported incidence, 
he laboratory diagnosis, the clinical aspects, and the therapy of brucellosis. 
‘In actuality we are dealing with three diseases. A few of the characteristics 
| of Brucella that bear on the problems at hand will be considered. 

Br. melitensis and Br. suis are less exacting in their growth requirements 
han is Br. abortus. The former grow better on the older laboratory media, 
equire no added carbon dioxide, and can be isolated much more readily from 
nan. Prior to the development of adequate media and techniques, Br. abortus 
was seldom isolated from human cases of the disease. Even now the average 
laboratory routine seldom succeeds in isolating this species. Since the majority 
>f cases of brucellosis in the United States have been due to Br. abortus, these 
facts have influenced the reported vital statistics of the disease. 

Another characteristic of Brucella that has been of great significance is the 
endency for most strains of the organism to undergo dissociation when grown 
“on laboratory media. Until recent years most of the experimental work was 
edone with dissociated cultures. With progressive dissociation there is, first, 

loss in virulence and then change in antigenicity. Antigen for the agglutina- 

tion test made from dissociated cultures does not perform satisfactorily. Sur- 
veys!? in which the same sera were examined in different laboratories have 
shown great discrepancies in test results even to the degree that sera containing 

agglutinins in high titer were reported as negative in some laboratories. Un- 
-satisfactory antigens and nonstandard techniques are still too widely in use, 
The difficulty in isolating the organism from the patient, together with the 
‘lack of dependability and uniformity in the results of the agglutination test, 
‘not only has led (and still leads) to inaccuracy of diagnosis, but also toa dis- 
-torted concept of the disease. Since they were forced to rely mainly ona clini- 
-cal impression, many physicians ceased to employ laboratory results or disre- 
garded them, and made diagnoses of brucellosis in the absence of any objective 
laboratory evidence of the disease. This is not a problem confined to the past, 
‘but one that is currently still of considerable magnitude. Its bearing on the 
reported incidence of the disease and on concepts of therapy should be apparent. 
‘A consideration of the nature of the infection is of great help in understanding 
the problems in diagnosis and therapy of the disease. Brucellosis, in both 
‘domestic animals and man, probably has existed since the dawn of history. 
The organism has become well adapted to life in these hosts and, accordingly, 
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it usually produces a subacute or chronic disease. Man tolerates the infection 
less well than do domestic animals, and acute disease may result. However, 
this is the exception rather than the rule. In exposed populations a few indi- 
viduals develop serious acute and chronic disease; the rest have subclinical 
infections, or brief or low-grade illnesses that escape diagnosis. In facie 
Brucella has been cultured from the blood streams of persons with no symptoms 
of illness, who subsequently remained well. Overt disease may range from a 
brief illness of a few days to a severe febrile illness lasting for weeks or months 
with one or more relapses. The onset can be abrupt or insidious. Long-term 
chronic illness may follow either type of onset. In acute cases there is a sep- 
ticemia or an intermittent bacteremia. The organisms localize in the tissues, 
particularly in the reticuloendothelial system and viscera, and have been re- 
covered from local lesions in practically every tissue of the body. In the tissues 
the organisms are found predominantly intracellularly, which gives them pro- 
tection from the action of antibodies and most drugs. Pathologically, there 
is nonspecific hyperplasia of the reticuloendothelial tissue, and focal necrosis, 
microabscesses, and granulomas throughout the viscera. The granulomas are 
usually minute and consist primarily of collections of epithelioid cells and 
lymphocytes. However, large abscesses and extensive granulomatous inflam- 
mation may occur. The formation of granulomas probably operates further 
to protect the organism from the defense mechanisms of the body and from 
administered drugs. In persons recovering from acute brucellosis, or in those 
who never have had an acute phase, localized lesions may persist for years and 
produce chronic or recurrent ill health. 

With localization, numerous complications may occur. Perhaps the most 
common is osteomyelitis.** The author has seen cases with this complication 
caused by all three species of Brucella. Brucella spondylitis, with destruction 
of an intervertebral disc and adjacent vertebral bodies, is severely painful and 
incapacitating. Osteomyelitis of any bone may occur; the spine, pelvis, ribs, 
and long bones are the most frequent sites. Suppurative arthritis, usually 
monarticular, may occur in any joint, usually the hip or knee. This may arise 
during the course of systemic infection or may be the presenting complaint 
without other evidence of illness. Other complications are orchitis; epididy- 
mitis; subacute endocarditis; cholecystitis; chronic pyelonephritis; hepatic, 
pericholecystic, and subdiaphragmatic abscesses, and localized abscesses in 
any part of the body; acute or chronic meningoencephalitis; peripheral neurop- 
athies, with the auditory and optic nerves most commonly attacked; granu- 
lomatous lesions of the eye; and a severe hepatitis leading to cirrhosis of the 
liver.’ With local infection in the brain, organic brain damage results, leaving 
a variety of sequelae. Evidence has been presented that long-term chronic 
infection may be accompanied by organic brain disease and deterioriation.?: 8 
Finally, neuropsychiatric disorders occur so commonly in brucellosis that they 
must be regarded as part of the manifestations of the disease. 

The disease, then, presents many aspects, ranging from mild or severe acute 
illness to recurrent or chronic disease persisting for as long as twenty-five years. 


The multiple manifestations may require the practice of all the medical special- 
ties in diagnosis and treatment. 
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Incidence 


The incidence of brucellosis in man is difficult to determine. One index is 

‘he number of cases reported through official channels of the various state 
epartments of health. In interpreting such data it must be borne in mind 
what cases are notified on the basis of a physician’s diagnosis. How truly a 
-eported incidence may represent the real incidence of any disease is dependent 
ipon the criteria used for diagnosis as well as upon the completeness of report- 
‘ng. With brucellosis, more than most diseases, there has been great variation 
-n the criteria used for diagnosis, from rigid proof by isolation of the organism 
erom the patient to clinical diagnosis unsupported by laboratory tests. It is 
bvious that the reported figures by themselves, without knowledge of the 
-riteria used, are most difficult to interpret. 
- In the two decades following the recognition that Br. abortus and Br. suis 
-ause disease in man, laboratory techniques were not sufficiently dependable 
o provide cultural proof of the diagnosis, and nonstandard and undependable 
antigens for the agglutination test were in use, as already mentioned. Of 
recessity, the physician was forced to rely mainly on his clinical judgment, with 
he result that nearly any vague illness came to be called brucellosis. In later 
years diagnostic criteria used by conservative physicians have become more 
--igid, but even today many physicians arrive at a clinical diagnosis of brucello- 
sis in spite of entirely negative laboratory tests. 

Difficulties in diagnosis, failure to suspect brucellosis, and the occurrence of 
is cases that go unrecognized all add to the unreliability of the reported 
statistics of the disease. 

Nevertheless, if one excepts salmonellosis deriving from animal sources, 
brucellosis in man in the United States is still of higher reported incidence than 
any other disease of animals transmitted to man. FicuRE 1 presents the an- 
ual incidence derived from notified cases for the period 1927 to 1956.2 There 
was a steady increase in the number of notified cases up to 1947, reaching a 
speak of 6321. Since that date the notified incidence has decreased sharply, 
Becoming currently a little more than 1000 cases per year. Since there was no 
rreally significant increase in brucellosis of domestic animals prior to 1947, it is 
ypresumed that the increasing number of reported cases during this period was 
sdue to a growing awareness of the disease by physicians rather than to a real 
Sincrease in incidence. In recent years other factors have become important: 
(1) the more widespread practice of pasteurization of milk, (2) the introduction 
-and indiscriminate use of the broad-spectrum antibiotics, and (3) the intensifi- 
scation of the control and eradication program for bovine brucellosis. Disease 
-due to milk-borne brucellosis is now practically limited to the rural areas. 
‘Some drop in incidence may be due to this factor. The broad-spectrum anti- 
‘biotics are effective in suppressing clinical brucellosis. The indiscriminate 
‘use of these antibiotics has probably obscured the diagnosis of brucellosis in 
many instances. Such cases do not appear in our vital statistics. The drop 
in incidence of the disease in recent years may be more apparent than real. 

In the last ten years great strides have been made in the control and eradica- 


tion of bovine brucellosis. Programs In some states have been more active 
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Ficure 1. Notified cases of brucellosis in the United States from 1927 to 1956 (84,754 
cases). 


and successful than in others. It might be expected that a corresponding rela- 
tive decrease in the reported incidence of brucellosis in man would result in 
those states that have achieved the greatest decrease in incidence of bovine 
brucellosis. The annual incidence of brucellosis in man by region and by state 
for the years 1947 to 1956 is given in TABLE 1. 

In 1947 brucellosis was reported from every state. Seventeen states reported 
more than 100 cases each and accounted for 78.5 per cent of all cases. These 
same 17 states in 1956 accounted for 67.7 per cent of all reported cases. In 
1947 over one half of the total reported cases, 3332 in number, or 52.7 per cent, 
were from the following 7 states: Iowa, Illinois, Texas, Wisconsin, Minnesota, 
Michigan, and California. In 1956, 52.2 per cent of the total cases were from 
the following 7 states: Iowa, Illinois, Minnesota, Michigan, Kansas, Georgia, 
and Missouri. In 4 states there was an absolute increase in reported cases: 
Kentucky (5 to 22), New Mexico (3 to 4), North Dakota (3 to 23), and Wyo- 
ming (1 to 4). 

The total number of reported cases for 1956 was 1080. This is 17.1 per cent 
of the total number reported for the peak year 1947 (6321 cases). The per- 
centage of the total contributed by individual states showed an increase in 20 
states and a decrease in 26 others. 

TABLE 2 presents a comparison of the incidence and distribution of notified 
cases In 1947 and 1956, assuming a uniform rate of reduction for the country 
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TABLE 1 
ANNUAL INCIDENCE OF NOTIFIED CASES OF BRUCELLOSIS IN THE UNITED STATES 
FOR THE YEARS 1947 To 1956 


545 


| | 


| 1947 | 1948 | 1949 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955 | 1956 | 1947 

New England 464} 203] 132] 91 86| 76) 68 | 48| 22] 40 | 1,230 
_ Maine ; 32) hee at © L2; 4 8 4 1 2 1 88 
~ New Hampshire 24 8 3} 3 1 OG 1 1 1 42 
~ Vermont 136 36 3| 7 45 32} 20 13 4 14 310 
Massachusetts | 76 39) 31 ae 10 18) 45 13 9 15 248 
Rhode Island feeie eS Si a eS) 2) 3 | 4 54 
Connecticut 178, 98| 78 43 22 15) 27) 17 S) 5 488 
Middle Atlantic 420} 392) 296] 263 180} 135) 76 66 42 24 | 1,894 
New York | 261] 248) 1461 149| 80] 77| 51| 42| 23] 8 | 1,094 
New Jersey 45| 49 39 35 13) LO 10 6 1 2 PD 
Pennsylvania 1 14 95 115 79) 78 42) 15 18 18 14 588 
rZast North Central |1,515|1,295|1,127| 803 | 694} 505| 444 | 452 | 287 | 242 | 7,364 
Ohio ! 400/191} 137] 41/ 23 11 15; 9] 10| 9| 546 
Indiana 115} 70 44 42 19 10] 27 13 9 8 357 
Illinois 554) 513} 514) 442) 445} 294) 243 | 203 140 | 133 | 3,481 
Michigan 302} 219} 193) 93) 67 ay) (ayes) || ila! 60 Bil || Ae 
Wisconsin 444) 302 239| 185} 140} 138} 91 | 116 68 ob) || ah ys 
West North Central |1,765)1,103)1 088 1 ,109]1,150)1,016) 831 666 | 660 | 402 | 9,790 
Minnesota 386] 302) 355] 283} 189) 139) 133 | 151 | 116 65 | 2,119 
Iowa 902| 412} 377| 549} 767) 724) 556 | 351 | 405 ON RSF 222 
Missouri 141 82} 115) 80 67 45) 44 54 39 40 707 
North Dakota 6 5 29| 38 20 i we 15 WO) | 28 176 
South Dakota | 80) 67 46 10 32 AR 8) ok 49 33 384 
Nebraska | 95) 89 46) 15) 10 3 3 32 8 16 Si 
Kansas 155| 146, 120| 134| 65| 75| 59| 42| 23] 46) 865 

| | | 
South Atlantic 419, 397 392 280| 272| 168| 163 | 119 | 92 | 117 | 2,419 
Delaware Means Ode 0 tek | 04" 0 14 
Maryland 52 a7 Agta 44) See 30| 2 el3 6 0 fl 276 
District of Colum- 0 3 0 0, 4) 1 1 0 2 0) 11 
bia 

Virginia 74 82 73 67 81 47| 58 46 30 35 593 
West Virginia eo ee be te eae ea 80 
North Carolina Zi 16] 25 21 28} 21 5 3 2 11 1153 
South Carolina 48) 22 oy 9 11 6 8 3 2 5 145 
Georgia 136) 9 153|)9122|" 995 84, 64 63 45 35 44 821 
Florida 67 74, 86) 36 10 10} 10 9 12 12 326 
{East South Central 313} 226] 204) 174} 183} 136] 115 | 106 88 13) LOLs 
Kentuck i i) Pall 23 19 17 i WA tik 15 22 22 177 
Francesc 92 TOlmeool Rou 44) 41) 35 | 38) 34) 29 473 
Alabama 124 74 76| 43 55 Si 29 18 11 11 478 
Mississippi 82 61 66 «O61 67 46| 40] 35 21 11 490, 
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TABLE 1—Continued 


1947 | 1948 | 1949 | 1950 | 1951 | 1952 | 1953 | 1954 | 1955 | 1956 iT ecee 
West South Central | 640| 728| 545| 4561 279| 241] 207| 213| 137| 107 | 3,553 
: 47| 44, 301 34 37| 32! 47| 40| 26 30! 367 
ee 44| 37| 30; 32) 48] 23| 18] 49} 29} 28] 338 
Oklahoma go 86, 144! 102; 71| 68| 38 40) 31/ 17 | 686 
Texas 460| 561| 341| 288/ 123] 118) 104] 84] 511 32 | 2,162 
Mountain 41s| 401; 2541 132 124, 80! 48] 984| 44} 29 | 1,611 
Montana 6 4) 48) 48 a ot a ee 81 
Tako 33| 30| 201 24 3ol 144 OF 131 6 5 |) ee 
Wyoming 1 11 8 5 8 4| 10; 7 3} os 58 
Colorado 268} 249) 99| 55) 39) 20 SI aie et 5 772 
New Mexico 3, SGl=S By th Gh 8h nal ih) ae 42 
Arizona 21) 18) f8i= te} 8 12h) da Gees 117 
Utah 82) 982) 75| | 27] 18] 10) 16 93 7) 33m 
Nevada 1 ih 4 4h 3) SO) Gl) oa Sang 14 
ee | ae 
Pacific 370| 246] 197} 202) 171| 180; 80] 69| 72) 46 | 1,633 
Washington 66| 43) 26 37| 62] ssl 5} 11 6| 8 |. gam 
Oregon 90, +391 45] 451 of 7] 7 101 10) «23 | om 
California 284, 164} 126) 120/ 100] 115| 68] 48! 56 35 | 1,116 
Lota: te eee 6,321 4,001 4,235 3,510 3,139 2,537 2,032 1,823 1,444 1,080* 31, 112 
| | | | | 


* Subject to slight change on final verification of cases. 


at large. The comparison indicates that the reduction in numbers of cases 
was not uniform for all of the states, as evidenced by a calculated x? of 518.93 
and a theoretical x? of 56.50 with 48 degrees of freedom at the probability level 
of 0.01. Of those states in which the expected numbers of cases are less than 
the actual reported numbers, the deviations for Arkansas, Louisiana, Kentucky, 
and North Dakota appear significant. 

Since the greatest decrease in incidence of bovine brucellosis has occurred in 
the last 5 years, the incidence and distribution of the total cases by states are 
compared with the data for the preceding 5 years in TABLE 3. Here again, it 
is evident that the reduction in numbers of cases was not uniform, as attested 
by a calculated x? of 2088.47 and a theoretical x? of 76.15 with 48 degrees of 
freedom at a probability level of 0.01. From this analysis of states reporting 
less than the expected number of cases, the deviations may be significant for 
the following states: Wisconsin, Texas, New York, Pennsylvania, Connecticut, 
Indiana, Nebraska, Colorado, Utah, Ohio, Florida, Maryland, Oregon, New 
Jersey, South Carolina, and New Hampshire. Wisconsin, Connecticut, and 
New Hampshire are accredited under the brucellosis-eradication program. 
Oregon, Pennsylvania, and Utah are expected to receive accreditation during 
1958. Although the control and eradication program was organized in Texas 
in 1957, and an effective program is not yet operative, the relative decrease in 
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TABLE 2 


‘\ COMPARISON OF THE INCIDENCE AND DISTRIBUTION OF NOTIFIED CASES OF BRUCELLOSIS 
IN THE UNITED STATES IN 1947 AND 1956 


1947 | 1956 
State oe : — 
Number of cases Number of cases Expected number of 
) cases* 
1. Iowa 902 9 
2. Illinois 554 Me ne 
| 3. Texas 460 32 79 
— 4. Wisconsin 444 35 76 
5. Minnesota 386 65 66 
— 6. Michigan 302 57 52 
7. California 284 35 49 
8. Colorado 268 5 46 
9. New York 261 8 45 
0. Connecticut 178 5 30 
1. Kansas 155 46 26 
(2. Missouri 141 40 24 
3. Georgia 136 44 23 
14. Vermont 136 14 23 
15. Alabama 124 11 Dil 
"16. Indiana 115 8 20 
17. Pennsylvania 114 14 19 
18. Ohio 100 9 17 
19. Nebraska 95 16 16 
20. Tennessee 92 29 16 
1. Oklahoma | 88 17 15 
22. Mississippi 82 ili 14 
23. Utah 82 7 14 
24. South Dakota 80 a) 14 
25. Massachusetts 76 | 15 ils} 
26. Virginia | 74 35 13 
27. Florida 67 12 11 
28. Washington 66 8 11 
29. South Carolina 48 5 8 
30. Arkansas 47 30 8 
31. New Jersey | 45 2 8 
32. Louisiana 44 28 7 
33. Maryland | 52 7 9 
34. Idaho 33 5 5 
35. Maine B2 1 3) 
36. New Hampshire 24 1 4 
37. North Carolina 21 11 4 
38. Arizona 21 3 4 
39. Oregon 20 3 3 
40. Rhode Island 18 4 3 
41. Kentucky 15 22 3 
42. West Virginia 14 3 5) 
43. Delaware 7 0 1 
44. Montana 6 1 1 
45. North Dakota 6 23 1 
46. New Mexico 3 4 1 
47. Wyoming 1 a 0 
48. Nevada 1 0 0 
49. District of Columbia 0 0 0 
Tg GEALISE 6 en ene eee 6,321 1,080 1,07 


* Based on the assumption of a uniform rate of reduction. 
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TABLE 3 


A COMPARISON OF THE INCIDENCE AND DISTRIBUTION OF NOTIFIED CASES OF BRUCELLOSIS 
FOR THE PERtops 1947 Tro 1951 anp 1952 To 1956 


1947 to 1951 1952 to 1956 
State 
Number of cases Number of cases Pape ES 
1. Iowa 3,007 Deals 1,208 
2. Illinois 2,468 1,013 991 
3. Minnesota iol 604 609 
4. Wisconsin 1,310 448 526 
5. Texas Aarti 389 (12 
6. Michigan 874 348 Seyll 
7. California 794 322 319 
8. Georgia 570 Zou 230 
9. Kansas 620 245 250 
10. Missouri 485 272 195 
11. Virginia SMigi 216 151 
12. New York 893 201 359 
13. Oklahoma 492 194 198 
14. Tennessee 296 177 119 
15. Arkansas 192 175 77 
16. Mississippi Sor 153 135 
17. South Dakota 235 149 94 
18. Louisiana 191 147 77 
19, Pennsylvania 481 107 193 
20. Alabama oi2 106 149 
21. Washington 234 88 94 
22. Vermont 227 83 OI 
23. Kentucky 95 82 38 
24. North Dakota 98 78 39 
25. Massachusetts 178 70 72 
26. Connecticut 419 69 168 
27. Indiana 290 67 116 
28. Nebraska 255 62 102 
29. Colorado 710 62 285 
30. Utah 275 59 110 
31. Ohio 492 54 198 
32. Florida 273 53 110 
33. Idaho 146 47 59 
34. North Carolina 111 42 45 
35. Maryland 238 38 96 
36 Oregon 158 37 63 
37. Arizona 81 36 SS" 
38. New Jersey 177 35) 71 
39. Montana 50 31 20 
40. West Virginia 50 30 20 
41. Wyoming 33 25 13 
42. New Mexico 18 24 7 
43. South Carolina 121 24 49 
44. Maine 72 16 29 
45. Rhode Island 41 13 16 
46. District of Columbia 7 4 3 
47. New Hampshire 39 3 16 
48. Nevada 13 1 5 
49. Delaware 13 1 5 
otgls tern cat een eRe 22,196 8,916 8,916 


* . = 7 c . 
Based on the assumption of a uniform rate of reduction. 
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notified cases in Texas is greater than in Wisconsin. For states reporting more 
than the expected numbers of cases, the deviations may be significant in the 
following instances: Iowa, Virginia, Tennessee, Arkansas, South Dakota, North 
Dakota, Alabama, Louisiana, Kentucky, and New Mexico. No states in this 
list have received accreditation. New Mexico is expected to be accredited 
during 1958. The data for Iowa probably reflect the relative importance of 
swine brucellosis in the epidemiology of the human disease in that state. In 
Minnesota, which has been accredited, and Michigan, which is probably due 
for accreditation in 1958, the reported cases are approximately the numbers 
expected. States not previously mentioned that have received accreditation 
are North Carolina, Maine, Washington, Delaware, and Vermont; those prob- 
ably soon to be accredited are Rhode Island and Montana. 

As yet, no clear relationship is apparent between the reduction in incidence 
of notified cases of brucellosis and the degree of control and eradication achieved 
in the various states. Perhaps in the next several years a real effect will be 
noted. Itshould be mentioned that, in states with the more effective programs, 
greater numbers of infected cattle are moved to slaughter. This may result 
in a temporary increase in exposure of occupational groups handling these 
animals. 

As already stated, the notified incidence of the disease may be entirely too 
low. Epidemiological studies offer another means of evaluating the incidence. 
Brucella infection usually results in specific dermal hypersensitivity to Brucella 
antigen. Repeated injection of Brucella antigen into control subjects does not 
produce this sensitivity’? nor does the ingestion of dead organisms.” ”° 
Presumably growth of the organism within the host is necessary for sensitiza- 
tion to occur. Persons exhibiting dermal hypersensitivity to Brucella antigen 
are regarded as having been infected at some time. From 10 to 25 per cent of 
the general population in the United States, varying in different areas of the 
country, exhibit specific allergy for Brucella; therefore they must be assumed 
at one time to have been infected with this agent. If one considers this in- 
cidence in the light of the notified incidence of brucellosis in man, it is difficult 
to reconcile the two. Probably many of these individuals remain asympto- 
matic and never develop clinical disease. Even so, one cannot avoid the con- 
clusion that a great deal of clinical illness due to Brucella escapes recognition 
and does not appear in the reports of notified cases. In recognition of this 
discrepancy, there have been a number of attempts to estimate a more realistic 
incidence than that reported. Difficulties arise because of the duration of the 
disease. One estimate placed the number of persons in the United States 
suffering from Brucella infection during any particular year at between 40,000 
and 4,000,000 (4000 cases were officially reported). A conservative estimate 
for the year 1949, based upon data derived from a few centers regarded as pro- 
viding reliable information by isolation of the organism from a high proportion 
of patients and, by employment of an adequate serologic test extrapolated on 
a national basis, placed the actual incidence at approximately 214 times the 


notified incidence.” 
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Epidemiology 

Brucellosis in man is mainly an endemic disease of sporadic occurrence. 
Man contracts the disease by consuming unpasteurized milk or other dairy 
products derived from infected animals or by direct contact with infected ani- 
mals or their tissues. The only substantiated cases of transmission from human 
to human are from mother to nursing infant (M. R. Castafieda, Hospital 
General, Mexico, D. F., Mexico, personal communication). 

While brucellosis has been described in many animal species, those of primary 
epidemiological importance for man are cattle, swine, goats, and sheep. ; Br. 
abortus is found primarily in cattle, Br. swis in swine, and Br. melitensis in 
goats and sheep. However, these species are not confined strictly to their 
respective main hosts. Goat-borne disease due to Br. melitensis has existed 
in the United States for many years in the states along the Mexican border.'® 
There have been few other foci of infected goats, the most noteworthy in 
Colorado in 1946,!8 where a considerable number of human cases occurred. 
The infected goats were destroyed and, at present, Br. melilensis infection in 
goats is believed to occur only in the southwestern states in low incidence. 
The disease in sheep has been nonexistent in the United States, perhaps because 
we do not produce milking sheep. The only important sources of the disease 
for man are cattle and swine. Human disease derived from infected cattle has 
been present throughout the entire country. Disease contracted from swine 
has been more limited in geographical extent and has been confined mainly to 
hog-raising and hog-slaughtering areas. 

FIGURE 2 presents the total reported cases by states for the period 1927 to 
1956. Six states accounted for the bulk of the reported cases. There is a 
marked correlation between the numbers of cases, the sites of large packing 
plants, and the distribution of farm animals.'* Since most milk now sold in 
trade is pasteurized, milk-borne brucellosis is largely confined to the rural areas. 
Brucellosis in the United States has become almost entirely an occupational 
disease!’ °° of those who contact infected animals or their tissues; that is, 
farmers, dairymen, packing plant workers, butchers, veterinarians, and labora- 
tory scientists. Epidemiological studies done in 1949 show that in 75 per cent 
of proved cases of brucellosis there was a history of direct contact with infected 
animals or their tissues.*! Only 25 per cent of cases were judged to be due to 
drinking unpasteurized milk. Spink” states that only 10 per cent of his current 
cases fail to give a history of direct contact and are presumed to be due to the 
consumption of unpasteurized dairy products. 

While brucellosis in cattle is due mainly to Br. abortus, the other species may 
infect this host and be transmitted to man. Br. melilensis has been isolated 
but seldom from cattle in the United States. Br. suis, however, has been found 
in infected cattle, and many of the reported milk-borne epidemics have been 
due to this species.?*?5 Br. suis infection does not seem to spread readily in 
cattle and, currently, bovine brucellosis due to this species is believed to be of 
little epidemiological importance. 

With the reduction in milk-borne disease swine have assumed relatively 
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FicurE 2. Cumulative notified cases of brucellosis in the United States from 1927 to 
1956. 


greater importance in the epidemiology of human brucellosis. While most 
clinical disease in swine is attributable to Br. suis, both of the other species 
infect these animals. In 1946 Br. melitensis was found infecting hogs in Lowa, 
and cases of human brucellosis due to this species were attributed to this 
rom Iowa, Minnesota, 


source2”? There have been continued reports of cases f 
and elsewhere. The clinical disease in sw ine resembles that caused by Br. suis. 
In culturing the mandibular lymph glands of 5000 marketed hogs, we isolated 
both Br. melitensis and Br. abortus as frequently as Br. suis.” This was the 
first report of the recovery of Br. abortus from naturally infec ted hogs. Meat 
inspectors who worked exclusively on the hog kill and who developed brucel 
losis were found to be infected with Br. abortus, and they presumably contracted 
this infection from hogs. Similarly, human cases of Br. melitensis infection 
were found in persons working only on the hog kill. Spink also reports epi 
demiological evidence incriminating the hog as a source of Br. abortus infection 


5O2 Annals New York Academy of Sciences 


of man.” The infection in swine due to Br. abortus seems limited in clinical 
manifestations and in infectivity for other swine. However, epidemiologically 
it is of importance, since persons who come in contact with the tissues of in- 
fected swine may develop infection caused by this species. 

While the control and eradication program for bovine brucellosis has brought 
about a marked reduction in the number of infected cattle in the country, and 
while further reduction is anticipated, it should be realized that, even when all 
the states receive accreditation, some infection in cattle will still exist and oc- 
cupational groups will still be exposed. Many factors seem to be involved in 
determining whether or not man contracts this disease. Perhaps the host 
factors are the most important. Even though the number of infected animals 
may be less, persons working in exposed environments will still come in con- 
tact with such animals and their tissues repeatedly; those individuals who are 
susceptible may be offered adequate exposure to contract the disease. It is 
anticipated that brucellosis in man due to Br. abortus contracted from cattle 
will decline to a low figure and then remain static. Furthermore, there has 
been no serious effort to eradicate swine brucellosis, and this source of infection 
for man continues to be of importance. At present, we cannot foresee the day 
when brucellosis in man will cease to occur in the United States. 


Diagnosis 


In view of the vagaries of the organism and of the disease, the diagnosis of 
brucellosis in man can be most difficult. In the acute disease the symptoms 
resemble those of many other acute infections; in the chronic phase they may 
be multiple, vague, and varied. There are no pathognomonic signs. The 
clinician cannot make a clinical diagnosis with any degree of assurance; a 
definitive diagnosis is dependent upon the results of laboratory tests. Factors 
relative to culture of the organism and application of the agglutination test 
have already been discussed. With the development of better culture tech- 
niques and an increased understanding of the organism and of the nature and 
course of the infection in man, sound principles of diagnosis have emerged.*! #2 
These have been well summarized by the Committee on Brucellosis of the Na- 
tional Research Council, Washington, D. C. In the second report of this 
committee, “Diagnostic Criteria for Human Brucellosis,’ it was recognized 
that the only proof of the diagnosis lies in the isolation of the organism from 
the patient, and that in most acute cases of the disease this is possible. In the 
absence of cultural proof, it was considered that an agglutination titer of 1:320 
or higher, or a rising titer, offered presumptive confirmation of a clinical diag- 
nosis. It was further recognized that tests to determine dermal sensitivity to 
Brucella antigen provide no information useful to the clinician in diagnosis, 
and it was recommended that they should not be used for this purpose. 

Since bacteremia is often intermittent, success in isolating Brucella from 
human blood may necessitate a series of cultures. The organism often may be 
isolated from bone marrow or lymph nodes removed for culture. 

When attempts at culture fail to yield the organism, dependence must be 
placed on the results of an agglutination test. Since the advent of the broad- 
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spectrum antibiotics many patients have been treated with these drugs prior 
to the consideration of the possibility of brucellosis or before referral to a diag- 
nostic center. The disease is partially suppressed, and the organism less 
readily isolated from the blood; the agglutination test assumes increasing im- 
portance in diagnosis. 

If dependence must be placed on a serologic test, it is evident that a standard 
antigen and a standard technique for performing the test are most necessary 
to provide accuracy and uniformity in diagnosis. The need for and choice of 
a standard antigen were considered by the National Research Council Commit- 
tee, and these deliberations led to Report No. 3, “A Standardized Antigen and 
Agglutination Technic for Human Brucellosis.”** An antigen made from 
Br. abortus, Strain 1119, prepared according to the method used at the Animal 
Disease Station, Agricultural Research Service, United States Department of 
Agriculture, Beltsville, Md. for preparation of the antigen used in veterinary 
medicine, was recommended as the standard. A tube test with incubation at 
37° C. for 48 hours was specified. The technique and reading of the test 
were described in detail. 

The development of these criteria for diagnosis and of a standard agglutina- 
tion test are important accomplishments, and should promote greater accuracy 
and more uniformity in the diagnosis and reporting of brucellosis. 

The greatest remaining problem in diagnosis is posed by chronic brucellosis. 
There are two situations that are very difficult: one presented by the patient 
who first comes to medical attention during the chronic stage of the disease 
when laboratory tests are less helpful; the other, by the patient with a past 
history of proved brucellosis in whom all signs of the disease have cleared, but 
who continues to have subjective complaints for months or years. 


Therapy 


The principles of therapy in brucellosis have emerged slowly and painfully. 
Prior to the days of antibiotics dozens of remedies were enthusiastically pro- 
posed and later found wanting. Among these were various vaccines that are 
still widely used, although convincing evidence of their usefulness has not been 
furnished. The specific therapy of the disease dates from 1946 with the intro- 
duction of a combination of streptomycin and sulfadiazine.***7 While this 
combination was effective and constituted a marked advance in therapy, it 
proved fairly toxic, and the relapse rate was considerable. This treatment 
fell into disrepute with the introduction of the broad-spectrum antibiotics. 
These drugs were found to suppress the clinical manifestations of the disease, 
but the relapse rate was high. A combination of dihydrostreptomycin and 
chlortetracycline™: *° has proved effective with or without the addition of sul- 
fadiazine or triple sulfonamide.“ I prefer this latter combination. In 
growth-inhibition, bactericidal, and manometric studies, these drugs have been 
shown to act synergistically.” They are highly effective against Brucella, im 
vitro but when the organisms are contained inside cells their action becomes 
mainly suppressive rather than bactericidal.” Any of the broad-spectrum 
antibiotics may replace chlortetracycline in this combination. 
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Since 1949 I have used dihydrostreptomycin (2 gm. per day), chlortetra- 
cycline or, currently, tetracycline (2 gm. per day), and sulfadiazine or triple 
sulfonamide in a dosage to yield a blood level of 10 mg. per cent in the treatment 
of proved cases of brucellosis. No case has relapsed or failed to recover from 
the disease. In the uncomplicated case, treatment is continued for 3 weeks 
and, in chronic cases or in those with complications, for a longer period. 

In formulating a logical approach to the therapy of brucellosis it should be 
realized that in most patients it is a self-limiting disease with spontaneous 
recovery occurring within a few weeks or months. Evaluation of the effective- 
ness of therapy can be most difficult. The more important principles of treat- 
ment may be summarized as follows: 

(1) There should be prompt and accurate diagnosis. 

(2) Bed rest is always indicated; many patients will recover on bed rest alone. 

(3) The physician should search for local lesions that may necessitate longer 
medical treatment or definitive surgical treatment; in any case of more than a 
few weeks’ duration, a Roentgen survey of the skeleton should be made to 
detect osteomyelitic lesions. 

(4) Appropriate specific antibiotic therapy should be employed. 

(5) As the best current therapy is mainly suppressive, treatment should be 
continued for a sufficient period to allow the defenses of the body to overcome 
the infection. 

(6) The patient should have graded activity and should undergo careful 
observation during convalescence to avoid relapses. 

(7) Sympathetic and intelligent attention should be given to the psychiatric 
aspects of the disease, since many patients develop depressions, suicidal ten- 
dencies, and even psychoses. 

(8) There should be adequate diet and supportive measures as indicated. 

(9) The physician should have a strong reluctance to make a diagnosis of 
psychoneurosis when the possibility of brucellosis exists. 
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BRUCELLOSIS IN LIVESTOCK: CONTROL AND ERADICATION 


By C. K. Mingle 


Agricultural Research Service, United States Department of Agriculture, Washington, D. C. 


Brucellosis of livestock has been recognized as a serious problem in the United 
States for almost a half century. However, it was not until 1934 that organ- 
ized efforts were made to combat the disease in cattle. In that year the co- 
operative state-federal bovine brucellosis eradication program was launched 
as part of a cattle-reduction plan that was brought about as a result of drought 
conditions in many sections. In the beginning it was estimated that approxi- 
mately 10 per cent of the adult cattle in the United States were affected with 
brucellosis. 

In the years prior to 1947 the program was greatly retarded by a lack of 
uniformity in the procedures employed in different parts of the country. As 
a means of correcting this deficiency, the former Bureau of Animal Industry, 
Washington, D. C., took steps to encourage the establishment of uniform con- 
trol and eradication practices. In time, sufficient interest was developed along 
these lines to bring about the adoption of recommended uniform bovine brucel- 
losis eradication procedures at the December 1947 meeting of the United States 
Livestock Sanitary Association held in Omaha, Nebr. These recommendations 
were designed to provide the flexibility necessary for handling brucellosis 
problems under varying herd conditions and still maintain a standard level of 
uniformity. The resulting Uniform Methods and Rules have contributed much 
to the progress achieved in recent years. Basically, the current program is 
built around 4 control and eradication plans: Plan A, test and slaughter, with 
or without calf vaccination; Plan B, test, calf vaccination, temporary retention 
of reactors; Plan C, calf vaccination without test of any part of the herd; and 
Plan D, adult vaccination. 

Plans B, C, and D are considered temporary procedures to be used only in 
herds where heavy infection exists until Plan A can be put into operation with- 
out serious economic shock. Plan A, on the other hand, has eradication as its 
immediate goal and is the method of initial choice wherever possible. 

The Uniform Methods and Rules also provide for the establishment and 
maintenance of Modified Certified Areas in which the animal and herd infec- 
tion rates do not exceed 1 per cent and 5 per cent, respectively. It has been 
shown conclusively that the increased protection afforded by operating a pro- 
gram of this type on an area basis is essential in maintaining the gains made 


through field operations. 
Bovine Brucellosis Eradication Progress from 1934 to 1954 


During the first 20 years of the bovine brucellosis eradication program a total 
of nearly 11 million herds, representing approximately 127 million cattle, were 
blood-tested for brucellosis. The indicated animal infection rate over this 
same period was reduced from about 10 per cent to 2.6 per cent. In the fiscal 
year 1954 ‘nfection was disclosed in 14.2 per cent of the herds tested. 
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Although Strain 19 vaccination was not officially adopted until 1941, there 
were more than 21 million calves vaccinated during the following 14 years. 
The use of vaccine has increased consistently each year since it became an 
integral part of the program. While it is impossible to evaluate accurately 
the benefits derived from vaccination, there is increasing evidence that it has 
played a very important role in reducing the previously high incidence of 
infection in certain areas of this country. The importance of providing a 
serviceable degree of protection in otherwise susceptible cattle will continue 
until complete eradication of the disease is accomplished. 


The Accelerated Bovine Brucellosis Eradication Program 


Through additional funds made available by the Eighty-third Congress, it 
was possible in 1954 to expand the cooperative state-federal campaign to eradi- 
cate brucellosis from cattle. All phases of the program were vastly increased 
over the previous levels. FrGures 1, 2, and 3 graphically illustrate the activi- 
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ties carried out during the first three fiscal years of the accelerated program 
(1955 through 1957). 

Blood testing. Over this period a total of 46.8 million cattle in 3.3 million 
herds were blood-tested for brucellosis. Of this number, 2.2 per cent of the 
cattle and 12.8 per cent of the herds tested showed evidence of infection. In 
comparison with the preceding 3-year period, this represents an increase of 
63.2 per cent in the number of herds tested, a 92.4 per cent increase in cattle 
tested, and a reduction of 3 per cent and 1.2 per cent in the respective infection 
rates. 

Brucellosis ring testing. Remarkable increases also have occurred in milk 
and cream ring testing during the past 3 years, and the reduced percentages 
of ring-suspected herds disclosed are significant of the progress being made. 
Over this period, a total of 4.7 million herds were tested, of which 15.6 per cent 
were classed as suspicious. These figures represent an increase of 133.1 per 
cent in the number of herds tested and a reduction of 11.4 per cent in the number 
of suspicious herds disclosed as compared with the preceding 3-year period. 
Although the brucellosis ring test has recognized imperfections, there is in- 
creasing evidence that it is proving to be one of the most valuable tools we 
possess for combating brucellosis in dairy sections of the country. 

Vaccination. In common with testing operations, vaccination has increased 
also each year during the accelerated phase of the program. For the fiscal 
years 1955, 1956, and 1957 a total of 14.6 million official vaccinations was re- 
corded. This compares with 10.8 million reported for the preceding 3 years 
and represents an increase of 34.9 per cent. It has been interesting to note the 
extremely low incidence of infection detected in areas where vaccination has 
been practiced on a wide scale over the past few years. Many vaccinated 
areas in which high infection rates were known to have existed now show sur- 
prisingly low levels of infection. 

Area certifications. Strong encouragement has been given in the accelerated 
campaign to the development of Modified Certified Brucellosis-Free Areas. 
As explained before, this designation signifies that the infection rates in such 
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Ficure 4. Brucellosis eradication program: area certification status as of September 30, 
1954. Reproduced by permission of the Agricultural Research Service 


areas do not exceed 1 per cent for animals and 5 per cent for herds. FIGURES 
4, 5, and 6 depict the advances made during the past 3 years in qualifying such 
areas. As illustrated in the FIGURE 4 map, there was a total of only 334 coun- 
ties, including 3 entire states, recognized as Modified Certified Areas at the 
time the accelerated program became operative on October 1, 1954. In con- 
trast, FIGURE 5 shows a total of 735 counties, including 7 complete states, 
qualified as certified areas on June 20, 1957. It also depicts an additional 712 
counties operating on a complete area basis leading directly toward early certi- 
fication. During the past fiscal year new initial county certifications have 
been recorded at the rate of about 20 each month. As indicated on FIGURE 6, 
there were 735 certified counties and 712 other counties conducting complete 
area work as of June 30, 1957. Thus, of a total of 3150 counties in the United 
States, Puerto Rico, and the Virgin Islands, 46 per cent were either currently 
certified or rapidly approaching that status. 


Future Outlook 


Since the time data were assembled for the fiscal year 1957, the entire states 
of Vermont and Connecticut and 73 counties elsewhere have been added to the 
list of certified areas. This makes a total of 808 counties, including 9 complete 
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states, so qualified as of September 1, 1957. It is expected that at least 800 
additional counties, including 5 more states, will achieve certification during 
the current fiscal year. This would result in a total of 14 states and about 50 
per cent of all domestic and territorial counties being certified by June 30, 
1958. It is anticipated also that by the same date most if not all states will 
be conducting complete area programs designed to achieve early certifications. 
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Ficure 5. Brucellosis eradication program: area certification status as of June 30, 1957. 
Reproduced by permission of the Agricultural Research Service. 
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FicureE 6. Brucellosis eradication program: certified and area-work counties in the United 
States, Puerto Rico, and the Virgin Islands as of June 30, 1957. Reproduced by permission 
of the Agricultural Research Service. 


Many states have set 1960 as the goal for certification. Although this ob- 
jective will not be attained in all cases, it does not appear nearly as visionary 
as when that date was designated a few years ago. The enthusiasm and sup- 
port for the eradication of brucellosis on the part of the livestock industry has 
never been greater than at present. If the momentum generated over the past 
few years can be maintained by adequate financing for another five or six years, 
all of the United States should be certified by that time. | 

As progress toward certification 1s accelerated, additional attention must 
be given to other known reservoirs of infection: namely, swine, goats, and sheep. 
At present, we are considering plans that, it is hoped, will lead to pilot field 
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studies designed to determine the adequacy of existing recommended procedures 
for eradicating Brucella suis infection from swine on an area basis. _ 

Based on the available knowledge of Brucella suis and Brucella melitensis 
infections as they exist in the United States, the control and eradication of these 
types of infection should not be too difficult to achieve. Records assembled 
by the Agricultural Research Service over the past 6 years indicate the follow- 
ing probable incidence of brucellosis in swine and goats. Of 501,160 swine 
tested in 57,666 herds, 26,425 (or 5.3 per cent) were classified as reactors. In 
the case of goats, 1.8 per cent of 306,696 animals tested in 13,273 herds were 
likewise recorded as reactors. Inasmuch as these data were accumulated from 
voluntary testing and represent a significant number of problem herds, it is 
probable that the indicated infection rates are higher than would be true for 
the United States as a whole. vie 

It is important, of course, to recognize the fact that certification alone does 
not represent complete eradication. Obviously, the last vestiges of infection 
will be the most difficult to eliminate. However, with continued effort and 
vigilance, there is no apparent reason to believe that the goal of final eradication 
cannot be attained in time. The resulting economic and public health benefits 
will fully justify and repay the effort and expense involved. 


Summary 


Over the past 23 years the Cooperative State-Federal Brucellosis Program 
has been responsible for reducing the incidence of bovine brucellosis in the 
United States from approximately 10 per cent in 1935 to 1.8 per cent in 1957. 

The first three years of the accelerated brucellosis eradication campaign 
undertaken in 1954 has resulted in more substantial progress than was accom- 
plished in any similar period in the past. 

During the 3-year period ending June 30, 1957 a total of 46.8 million cattle in 
3.3 million herds were officially tested for brucellosis. Of these, 1.8 per cent of 
the cattle and 10.6 per cent of the herds showed evidence of infection. This 
compares with 2.6 per cent animal and 14.2 per cent herd infection disclosed 
during the year preceding the inauguration of the expanded program. 

Extensive field experience has shown conclusively that the intelligent use of 
a standardized blood serum agglutination test, the brucellosis ring test, and 
Strain 19 vaccine can be employed effectively to combat bovine brucellosis on 
an area basis. 

The establishment of Modified Certified Brucellosis-Free Areas is progressing 
at a faster rate than expected. As of September 1, 1957 there were 808 certified 
counties and 800 other counties that were actively working toward early qualifi- 
cation. New county certifications are being recorded at an average rate of 
20 per month. 

Although the certification of areas is an essential part of the program, it is 
important to bear in mind that this designation is only an advanced step toward 
complete eradication. With the recognized economic and public health bene- 
fits to be derived from this status, we should accept nothing less. 

The bovine brucellosis eradication campaign now has strong support from 
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all interested groups. By maintaining the pressures developed over the past 
few years through adequate financing from state and federal sources, we should 
reduce the incidence of bovine brucellosis throughout the United States to 1 
per cent or less within the next five years, and the brucellosis threat from this 
source eventually should be eliminated. 


Discussion of the Paper 


Oscar SussMAN (Bureau of Veterinary Public Health, State of New Jersey 
Department of Health, Trenton, N. J.): C. K. Mingle, in his use of the editorial 
“we,” undoubtedly meant to include the public health authorities, local, state, 
and national, who were of considerable help in the preparation of the effective 
control of brucellosis, or even of itseradication. He indicated that it was grati- 
fying to him to note that in the last few years Brucellu-infected cattle were 
moving out of the farm herds and into the slaughterhouses where they could no 
longer infect other cattle. 

In this connection it is worthy of mention that the action of the Board of 
Health of Chicago, Ill., gave considerable incentive to the State of Wisconsin 
in its determination to do an effective job in its attempt to eliminate brucellosis. 
Several years ago the health authorities of Chicago indicated that they would 
not continue the purchase of milk from areas in which the cattle were infected 
with this disease, even if the milk were pasteurized. Subsequently similar 
action was taken by the public health authorities of several other areas, in- 
cluding the State of New Jersey Department of Health, which set a deadline 
beyond which the importation of milk from such areas would be prohibited; 
thereafter no milk could be sold for human consumption except from animals 
that were known to be free of brucellosis. 

Regulations, statutes, and codes of this type have not been and could not be 
introduced and enforced by the agricultural authorities until such time as the 
public health authorities gave them the needed administrative support and 
created an economic incentive to the dairy farmer to cooperate if he wished to 
sell his product. 

Mingle has indicated that the agricultural authorities were unable to move 
Brucella-reacting cattle off the farms after they had been identified by branding. 
However, of recent years these cattle have been moving to the slaughterhouses, 
as already noted. I submit that this exodus from the farms was initiated and 
sustained primarily by the public health authorities. This experience repeats 
the history of the milk-control laws that gave impetus to the tuberculosis- 
eradication campaign. I am quite certain that Mingle and others in depart- 
ments of agriculture realize that the cooperative efforts of the state and local 
health departments have resulted in considerable aid to farmers and to the 
national economy through health regulations that implement the desires of the 
informed segment of the agricultural interests. 

My remarks are made, not in disagreement with Mingle, but merely as 
additional evidence for the reader that there exists a considerable amount of 
valuable cooperative enterprise between the public health and agricultural 
authorities in their mutual concern for the control of animal diseases as they 


relate to human health, 


PARASITES OF ANIMALS AND HUMAN DISEASE 


By Thomas W. M. Cameron 


McGill University, Montreal, P. Q., and the Institute of Parasitology, 
Macdonald College, P. Q., Canada 


Parasitism is an extremely ancient mode of life, and we have evidence of it 
from as long ago as the Devonian period. It is important to realize, however, 
that parasitism has no necessary connection with disease. In fact, if a species 
of parasite is to continue to exist, it is essential that it should not produce 
severe pathogenic effects in its host—at least, not until sufficient opportunity 
has been given to the next generation of the parasite to gain a foothold in 
another host. When disease is produced it is generally accidental, resulting 
from superparasitism or from some abnormality in the normal life cycle of the 
host or of the parasite. 

Superparasitism is the result of the presence of too many parasites in a single 
host, and it occurs when the parasite can reproduce itself without serious in- 
hibition until overwhelming numbers prove too much for the defense mecha- 
nisms of the host. This is seen particularly among the protozoan parasites 
such as the hemoflagellates or falciparum malarial parasites. 

This condition is seen among the helminths under quite different circum- 
stances. The worms cannot multiply within a single host, and their progeny 
must escape to the exterior, there to undergo some essential development 
before they can re-enter the host. Consequently, superparasitism and parasitic 
disease depend on the numbers of parasites that enter the body. Occasionally, 
as in trichinosis, a large number can do so simultaneously and cause an ex- 
plosive, often fatal, result. As a general rule, however, the accumulation of 
large numbers of parasites in a host is the consequence of continued exposure 
to infection. There is a very important and distinct difference between hel- 
minthic infection and helminthic disease. 

Disease is not always due to excessive numbers of parasites; sometimes 
some abnormality in the life cycle causes serious symptoms. Thus, the 
migrations of a single ascarid may occlude an important duct. Similarly, 
the larval stage of a parasite in an abnormal host may be able to survive but 
not develop and, in surviving, may produce serious lesions. In general, 
larval stages tend to have a greater pathogenicity than do the corresponding 
adult stages, and this is particularly the case when the parasites are in an 
abnormal host. 

Parasites not only have existed for a long time, but they have evolved 
along with their hosts and, in evolving, they have become more and more 
specialized in their environmental requirements, internal as well as external. 

Their specialized internal environmental requirements have led to a con- 
siderable degree of host specificity that varies in type and degree among the 
different groups of parasites. Some are so host specific that they can live only 
ina single species of host animal; others can exist ina group of closely related 
animals or ma group of animals having some common physiological charac- 
teristics, and still others have little host specificity. This specificity may 
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apply to the larval or adult stages, or to both, or to neither. Thus, liver flukes 
have a strict larval specificity, but little adult specificity; Wachereria bancroftt, 
on the other hand, has a strict adult specificity, but a low larval one, occurring 
in a great many mosquitoes. The human malarial parasites are specific to 
man and to anopheline mosquitoes. The trichina worm has little if any host 
specificity among the mammals. 

Parasites, in general, are least likely to be acquired from animals that are 
very distantly related to man phylogenetically or that are physiologically 
quite different from him. He has acquired few parasites from herbivores and 
none from horses, but he shares many with both dogs and pigs. Also, it is 
obvious that, the closer the physical association of an animal with man, the 
better will be the opportunity of infection by a suitable mutant. In general, 
domestic animals are more important potential sources of parasites than are 
wild animals. 

The specialized external environmental requirements of parasites determine 
their geographical distribution. Some cannot exist in certain climates because 
of unsuitable temperatures or humidity or because of lack of a suitable inter- 
mediate host. Moreover, some cannot gain entrance to hosts otherwise 
suitable because the habits of the host do not expose it to infection. Thus, 
for example, the custom of cooking food prevents the infection of man with a 
great many species of parasites. Herbivores fail to become naturally infected 
with the trichina worm only because they do not eat meat, just as man does 
not often become infected with the fluke Fasciola hepatica because he does not 
eat grass. 

Man is a recently evolved animal who, in modern times, has been recorded 
as host for about 200 species of parasites. A great many of these are of purely 
academic interest; some are plain errors of identification, but all have been or 
are being acquired from other animals. A few were acquired from prehumans; 
the malarial parasites, the pinworms, and the lice all came from man’s ancestors. 
Some, such as Berliella, a common tapeworm of primates that is still occa- 
sionally recorded in humans and is carried by certain species of mites, man 
may well have lost as a regular parasite after he gave up 4 purely herbivorous 
diet and took to an omnivorous one; that is, at about the same time that he 
acquired his Taenias. Physaloptera, Ternidens, and Oesophagesiomum apiosto- 
mum, all common nematodes parasitizing monkeys in Africa, are also in the 
process of being lost by man. Some parasites were acquired quite early in 
human history from dogs, swine, and other animals that man domesticated; 
others were acquired directly or indirectly in the past from wild animals; and 
still others man continues to acquire from both of these sources. 


Protozoa 


The relationship between the intestinal protozoa of man and those of other 
animals is still very obscure. The chief potential pathogen of man is Entamoeba 
histolytica, a form that is usually nonpathogenic, living an apparently saprozoic 
life in the large bowel. Under circumstances that are still far from clear, 


this parasite enters the mucosa and becomes extremely pathogenic. Under 
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these circumstances its normal biology is at least partly suspended, and 
it seems probable that this phenomenon can be correlated with the relatively 
recent appearance of this protozoon as a parasite In man. It is common and 
usually nonpathogenic in Asian monkeys, but it can infect South American 
monkeys and cause a serious morbidity. Morphologically identical species 
occur in a variety of other mammals, and it would seem that this genus, which 
also occurs in reptiles, is a widespread parasite of vertebrates, probably of 
long standing. This is probably true also of most of the other parasitic 
amoebae. ‘There is no evidence, however, that man normally becomes infected 
from other animals except, perhaps, in India, where monkeys may form a 
reservoir of potential human infection. ok 

The position is even less clear with regard to the flagellate Giardia, a universal 
and common parasite of man. What may be the same species is also common 
in dogs and other animals in whom, as in man, it is quite often associated with 
diarrhea. There is, however, no evidence as yet that man becomes infected 
naturally from a canine source, although opportunities for such infection are 
undoubtedly common. 

Perhaps the most puzzling of the intestinal protozoa are the coccidia. The 
genus Eimeria occurs in a large variety of animals, but it does not affect man, 
whereas the genus /sospora, which has a much more restricted host range, is 
occasionally reported from him. 

The role of the hemoflagellates, like that of the intestinal protozoa, is also 
not well understood. Insofar as the two varieties of African trypanosomes that 
infect man are concerned, there is no doubt that they were originally mutants 
of Trypanosoma brucei, a parasite of antelopes that is able to live in man. 
There is also little doubt that they are now exclusively human parasites, and 
although attempts have been made to implicate an antelope reservoir, none has 
been completely successful. 

The Leishmania group, of which Typranosoma cruzi should be considered a 
member, is, I believe, of South American origin, although it has spread to many 
other parts of the world. 7. cruzi has not left the Americas, although it has 
spread as far north as Texas. It is definitely a parasite of native South Ameri- 
can animals (edentates and opossums) that only occasionally infects man and 
some of his domestic animals. The genus Leishmania, with its various varie- 
ties, is less well understood, although it is known to occur in dogs and rodents 
and, possibly, in other animals in certain places. Some strains, however, 
appear to have become restricted to human beings. 

The human malarias, some varieties of which have been experimentally 
transmitted to African anthropoid apes, are restricted to man and probably 
existed as such in prehominoids. 


Trematodes 


The Opisthorchid trematodes of mammals and the Heterophyid trematodes 
of both mammals and birds appear to have little host specificity in their adult 
stages. Although normal to fish-eating hosts (including dogs and cats) in 
many parts of the world, they occur in human beings only when fish is eaten 
raw or considerably undercooked (Cameron, 1945). In northern North 
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America, for example, Metorchis conjunclus is a common parasite of the liver 
of fish-eating mammals and, when it occurs in numbers, it causes a serious 
morbidity and may cause death. It can, and occasionally does, occur in man, 
but as its second intermediate host is the Common Sucker, a fish rarely eaten 
by man, it is not an important human parasite, even though the fish is common 
and often heavily infected in the northeastern part of North America. 

The blood flukes of man now collectively form one of the most important 
causes of human disease, and it is estimated that they infect about one fifth of 
the total population of the world. The Far Eastern species has been known 
for many years to have numerous animal hosts, and although I was able to 
show that S. mansoni in the West Indies had a sylvatic host in the naturalized 
African green monkeys there (Cameron, 1928), it was only recently demon- 
strated that both African species occur in a wide variety of native animals 
(Kuntz, 1955). Man, however, is still the main source of his own infection 
both in Africa and in South America. Blood flukes have existed as invaders 
of man for centuries, but there is little doubt that irrigation has done much 
to increase their incidence in modern times. 

Blood flukes capable of developing to sexual maturity in man are absent 
from North America, but blood flukes of birds and rodents, which have a 
developmental cycle similar to that of the common human pathogens, have 
larvae capable of penetrating human skin that it reaches by way of infected 
water. These larvae die almost immediately but, in dying, they produce a 
sensitivity which, when excited by subsequent exposure, causes a sometimes 
violent and usually irritating dermatitis that is often called Swimmers’ Itch. 
Such schistosome dermatitis is a common condition throughout North America, 
and it can be contracted even in salt water. 


Tapeworms 


The two human species of Taenia occur as adults in man only but, although 
the larvae normally are found in food animals, the cysticercus of Taenta solium 
can develop aberrantly in man as well as in the pig. Growing as it does in an 
abnormal host, it often develops in an abnormal situation. In the pig it is 
confined to the striated muscles; in man it is often found in the central nervous 
system where it can cause serious and often fatal cerebral symptoms. This 
parasite is absent from the more northerly part of North America at present, 
but it is still common in Central and South America, as well as in parts of 
Europe and Asia. 

Dipylidium, although a normal parasite of urban dogs and cats, 18 found not 
infrequently in human beings, often in young children. As its normal inter- 
mediate host is a flea or a biting louse, ‘tis a little difficult to explain how hu- 


mans become infected, even when it is obvious that the original source of the 


infection was a pet dog or cat. 
Hymenolepis is shared by man with domestic rodents, and is not uncommon 


in the warmer parts of the continent. Its ability to dispense with an inter- 
mediate host facilitates infection of man by contamination of his food by mouse 


or rat feces. 


In its adult stage the genus Echinococcus, is confined to the Canidae and, to 
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a lesser extent, to the Felidae (Cameron, 1927). Its larval stage is the hydatid 
cyst, which may develop in many species of mammals. Undoubtedly several 
different species exist, but at least some of these have rather restricted ranges 
of intermediate hosts. There is reason to believe, however, that all of them 
can undergo larval development in human beings. Man can be infected, of 
course, only by swallowing the tapeworm eggs, and these can be acquired only 
from contact of food or fingers with the feces of carnivores. (It should be 
unnecessary to note that the cyst itself is of infective to man directly, and that 
it can be handled or even eaten with impunity. The tapeworm will not develop 
in man, and the sole source of human infection is carnivore feces.) The usual 
carnivore involved is the dog, and the usual intermediate hosts from which the 
dog becomes infected are domestic stock, principally sheep and swine. As a 
rule, cattle are poor hosts, and although they often become infected and develop 
cysts, these cysts are very often sterile and abnormal. In Great Britain and 
parts of continental Europe the fox is a common definitive host, and horses 
frequently are infected with the cyst. In the northwestern part of North 
America there is a peculiar sylvatic cycle in which the wolf is the main carrier 
of the tapeworm, and a variety of deer, especially moose, elk, and caribou 
(including reindeer), are the carriers of the cyst. Indications at present are 
that this species, which also can infect dogs, is not the common F. granulosus. 
Indian hunters kill the deer and feed the lungs (containing the cyst) to their 
dogs. The dogs, in turn, become infected, and many villages have become 
grossly infected in consequence. In some parts of the Canadian northwest 
the human incidence is very high, and about one third of the local inhabitants 
are or have been infected. 

In the southern part of North America the cyst is reported in swine, but 
only rarely in man. In Canada, the cyst is extremely rare in domestic stock, 
and human cases diagnosed in the southern part of that country have, in most 
cases, contracted the parasite elsewhere. The parasite is still common in 
many other parts of the world, including the Mediterranean region, Europe, 
Asia, Australia, New Zealand, South Africa, and parts of South America. It 
is one of the more important of the animal parasites transmissible to man, and 
it is responsible for a considerable amount of disease. 

Fish tapeworms of the genus Diphyllobothrium are all of animal origin. In 
North America the species are widely distributed throughout the northern 
part of the continent and occur in a number of fish-eating mammals and, 
possibly, in birds. D. latwm, which is the species most commonly reported 
from man, occurs in bears as well as in dogs, and there is some evidence sug- 
gesting that bears are the main reservoir from which man is ultimately infected. 
When it is realized that the tapeworm can produce several million eggs daily 
for a decade, it is easy to understand how a comparatively few reservoirs could 
keep the infections at a high level in fish (Cameron, 1947). This is the com- 
monest human tapeworm in North America, the infection usually deriving from 
uncooked or undercooked fish. Although it is known to produce some mor- 
bidity elsewhere and, by its requirements of vitamin Biz, to cause a serious 
anemia, virtually nothing is known of its pathogenicity in North America. 

The final larval stages of several species of this tapeworm are capable of 
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living in a somatic position in man, although only after actual mechanical 
transfer from the final intermediate host to a wound or to the orbit. These 
spargana, as they are called, usually remain localized, but they occasionally 
become malignant and metastasize, as is also sometimes the case with old 
larval echinococci. 


Nematodes 


The human whipworm Trichuris trichiura is quite common in North America, 
but it almost always occurs in such small numbers that it is difficult to under- 
stand how it can maintain itself without an alternate reservoir. It is common 
in swine, however, and it seems reasonable to believe that the pig acts as such 
areservoir. The egg must be exposed to the atmosphere for some weeks before 
becoming infective, and it has every opportunity of becoming a contaminant 
of vegetables during this period. 

The genus Capillaria is closely related to Trichuris and, like it, is widespread 
in a great variety of mammals. Man, however, has no species proper to him- 
self, although he may be infected by the Capillaria hepatica of rodents. This 
parasite, common in North America and elsewhere, lives in the livers of rats 
and wild Muridae. The eggs are laid there and escape only after the death of the 
host, either by natural decomposition or via the digestive tract of a carnivore. 
These eggs are not immediately infective, and they must remain in the open for 
several weeks before an embryo develops. Infection is presumably by inges- 
tion of the infective egg. A number of human cases are on record from North 
America, but there is no ready means of diagnosis except by biopsy or autopsy, 
and we have no knowledge of how common this parasite really is in man. 
In some areas, however, almost one third of the domestic rats are infected. 

Related to these parasites is the much more serious Trichinella spiralis. 

The trichina worm is really a parasite of carnivorous animals, and its original 
home was probably the Arctic and sub-Arctic, where carnivore feeds on carni- 
vore. It is still absent from the tropics, but it has become common in temper- 
ate lands where animal husbandry has converted the herbivorous pig into an 
omnivore and so, by feeding it on pork scraps, has made it a reservoir for the 
worm. The parasite has little host specificity, and it can be induced to develop 
in almost any mammal. It is fairly common in rodents, but there is no evidence 
that the rat enters into the pig-pig or pig-human cycle; rather, it is probable 
that it maintains a rat-dog or rat-cat cycle. In the Arctic, trichinosis is a 
highly important human disease depending, however, not on swine, but on 
wild carnivores, especially bears and walrus. We have no evidence as yet 
that rodents play any part in the cycle, although foxes, both white and 
red, as well as a great variety of terrestrial mammals, are commonly infected. 
While white whales and seals are occasionally infected, the sylvatic cycle seems 
to involve the polar bear and the walrus. Man becomes infected by eating 
either, and in some parts of the Arctic about one third of the Eskimos are 
infected, often seriously. Elsewhere in North America, infection of man is 
usually from pork, although it originates occasionally from bear flesh. While 
the index of infection is low in southern Canada, it is high in the United States, 
where it is estimated that about 20 per cent of the population have acquired 
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the parasite. However, infections are usually low and the clinical manifesta- 
tions light. Nevertheless, this nematode can be considered as the most serious 
of all the helminth parasites of lower animals transmissible to man. ; 

Ascaris lumbricoides has a problematical origin. Although several strains 
of this parasite may exist, there is no conclusive evidence that there is more 
than one species or variety of A. lumbricoides. The parasite occurs regularly 
in man, in swine and, apparently, in numerous other animals, including sheep. 
The available evidence suggests strongly that husbandry practices in temperate 
climates make it a predominantly porcine parasite while, in warm climates 
hygienic conditions make it predominantly a human parasite. However, it is 
interchangeable between man and the pig and, occasionally, between sheep 
and other animals. In northern lands, where there is a fairly high incidence 
of very light infections in man, these infections are probably usually of porcine 
origin; in general, they are much too light to depend on man as their source. 
The reverse is probably true in the tropics, where pigs are rarely infected and 
where the human incidence may exceed 60 per cent. 

The relationship of this worm to human disease is still obscure. However, 
there is some evidence that, both in its larval and adult form, it may cause 
infections which, even when they are light, may cause toxic, nutritional, and 
traumatic damage. Heavy infections, which are fortunately rare in the 
north, cause quite serious disturbances in health. 

Most of the other helminth parasites of man are also accidental. 

Toxocara canis is the common roundworm of puppies, and infection of these 
animals is often prenatal. The female dog swallows the infective eggs, and the 
larvae develop somatically and remain alive for a long period in a dormant 
condition until, during pregnancy, they migrate through the placenta to the 
fetus or to the intestine of the female. In either situation it can reach sexual 
maturity. Somatic migrations are less common in male dogs, in which the 
worm appears to develop more normally. However, the relationship between 
this parasite and the female sex hormones of the host is still obscure. Beaver 
et al. (1952) have shown that somatic migrations of the larva can occur in 
children, although the worm does not appear to reach sexual maturity in them. 
However, this parasite can produce symptoms of liver disturbance, and it can 
remain alive for months in the liver without further development. 

The related Toxocara felis of cats also can develop in this way but, curiously, 
the very similar Toxascaris leonina of dogs and cats does not migrate from the 
intestinal tract and is not involved in the production of symptoms in man, 
although it sometimes develops to sexual maturity in his intestine. 

Man’s two common hookworms are specific to himself, but the various hook- 
worms of dogs and cats are sometimes able, in a manner analogous to that of 
the parasites of Swimmers’ Itch, to penetrate human skin and there to main- 
tain themselves as larvae for some time. They ultimately die without further 
development. However, one species, Ancylostoma ceylanicum, is occasionally 
recorded as a sexually mature parasite in the human intestine, but it may have 
entered the body by the mouth rather than through the integument. 

Some of the other bursate nematodes that normally occur in other animals 
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occasionally succeed in parasitizing man. This is especially true of the various 
species of the genus Trichostrongylus. 

However, a number of reports of human infection by animal helminths 
are probably due to mistakes in identification. Eggs of helminths (for example, 
the liver fluke) ingested in food may be passed unchanged in the feces. Simi- 
larly, eggs of plant nematodes have been given specific names. Even more 
peculiar are species such as Mecistocirrus, a parasite of swine and cattle that 
has been recorded as a human parasite on the sole authority of an abattoir 
attendant who found the worms lying on what he thought were human feces 
in the abattoir. Others have been recorded on the basis of the size of the egg. 
It would be unnecessary to mention these cases were it not for the fact that 
such instances have a way of getting into the textbooks and remaining there 
in subsequent editions. 

Strongyloides stercoralis is a common parasite of man, especially in warm 
countries where hygiene is poor. However, the status of the various species 
of this genus is still doubtful. It is very widely distributed, and many species 
are very similar morphologically. It is a comparatively recent parasite, as 
shown by its peculiar life cycle in the free state, and man may be infected by 
species normally occurring in domestic animals. Nevertheless, it is highly 
probable that man is usually his own source of infection. 

The history of the filariid worms, which are carried by blood-sucking flies, 
is so obscure that no valid deductions are possible but, because of their rather 
exceptional mode of transmission, wild animals may well be involved as the 
reservoir from which man originally acquired his infections. Onchocerca 
probably had a ruminant host, and it may still have one in Africa. Wuchereria 
bancrofti now is probably an exclusively human parasite; its intermediate 
hosts are almost always domestic insects, and recent work on the related W. 
malayi suggests that an Asiatic monkey (Macaca irus) may have been the 
original host of this genus (Buckley and Edeson, 1956). 


Ectoparasites 


Parasitic arthropods affecting man offer special problems, and many of 
them are instrumental in the introduction of other organisms into him and 
can be of great importance, even though they are not, strictly speaking, 
parasites of man. Thus, the hard ticks are nonspecific parasites, mainly of 
mammals and reptiles, and none of them parasitizes man exclusively, although 
several are important vectors of disease organisms. To a large extent the 
soft ticks are also nonspecific, although a number of species of the genus 
Ornithodorus frequently attack man while one, the African O. moubata, has 
quite definite associations with man and may well be considered as adapted 
to his habits. 

The Trombiculid mites which, in their larval stage, attack mammals and 
birds, are equally nonspecific, although quite a number of them will attach 
themselves to the human skin. 

The role of Sarcoples scabei is more definite. There are a number of physto- 
logical varieties of this mange mite, one of which is definitely adapted to living 
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within the human skin. Most, if not all, of the other varieties, however, can 
live in the human skin for short periods, but there is no evidence that any of 
these can become an habitual human parasite. ‘ 

Demodex folliculorum is still one of the outstanding puzzles of medical 
entomology. The genus is widely distributed among animals, but there is no 
evidence that man can be infected from any source other than human, Until 
the life cycle of the parasite is understood, both its pathogenicity and its mode 
of infection will remain doubtful. es 

Of the two species of lice infesting human beings, there is little doubt that 
the body-head species (Pediculus humanus) has evolved along with man from 
prehominoid days. Nevertheless, it has been found on South American mon- 
keys, but not on Old World monkeys and, under rather exceptional laboratory 
conditions, it has been reared on rabbits. The pubic louse is also exclusively 
human. No animal louse can attain more than a very transitory footing on 
the human skin. 

This is not the case with fleas. In spite of the popular name of “human 
flea” applied to Pulex irritans, no species is primarily a parasite of humans. 
Pulex itself is still basically a parasite of swine and originally was probably a 
parasite of badgers, although in parts of the world, such as North Africa, it 
has become acclimatized to live and to breed on man. It is extremely rare in 
North America and, while not uncommon in pigstys in Europe, is nearly as 
rare on man there as it is here. The closely related Xenopsylla is, of course, 
a rodent flea and, like the common dog and cat flea, it will readily attack man. 
Xenopsylla is apparently spreading in North America, but the commonest 
fleas attacking human beings are those normally found on cats and dogs. 

The jigger flea, apparently originating in tropical America, will also attack 
man, but it also is basically a parasite of other animals. Bedbugs were prob- 
ably originally parasites of bats and birds, but one, Cimex lectularis, has become 
so domesticated that, for all practical purposes, it is a human parasite and is 
very widely distributed in all temperate and subtropical regions. Its tropical 
relative is less exclusively a human parasite; C. lectularis itself can be reared 
successfully on rabbits and other laboratory animals. 

Larval parasitism by dipterous flies is particularly common in many parts 
of the world. In some cases it isa facultative type of parasitism with no partic- 
ular host preferences, and man is often infected with these nonspecific larvae. 
In other cases parasitism has become obligatory, and host preferences have 
become more strict. This is especially true among the Oestridae, but even 
here man is occasionally attacked. There are no strictly human species; 
Dermatobia hominis, in spite of its name, is not a specific human parasite and 


is common on monkeys and other animals, including all domestic animals in 
South America. 


Conclusions 


Man was a late-comer into the animal kingdom, and he probably brought 
with him from hisprehuman stage two or three malarial parasites, his pinworms, 
and his lice. Being still quite generalized and primitive physiologically, he 
offered a good habitat for the parasites proper to the animals with which he 
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surrounded himself, and he easily became host to his taenias, his hookworms, 
his ascarids, and his filariae. The more generalized his animals (in a physio- 
logical sense) and the more closely they associated with him, the more likely 
they were to interchange parasites, and swine and dogs on occasion still act as 
sources of human infection. Man’s food habits exposed him in due course 
to other relatively nonspecific parasites, such as most flukes and the fish tape- 
worms, but it is quite possible that this change caused him to lose some of his 
parasites. This applies, for example, to the tapeworm Bertiella, which is still 
common in other primates and to which man is still susceptible. His bathing 
habits rendered him a suitable host for various skin-penetrating blood flukes. 

In this way man acquired his major parasites quite early in his history, but 
the process did not cease in the early days of his development; it is still going 
on, and even now he is accidentally becoming infected with parasites from both 
domestic and wild animals. 

As mentioned above, it is necessary to distinguish between infection and 
disease. Except when accidents occur, as when an ascarid worm occludes a 
bile duct, adult helminths usually cause disease only when present in con- 
siderable numbers. As helminths cannot multiply continuously within a 
single host, infection postulates exposure to a large number of infective forms, 
usually over a considerable length of time (Trichinella infection is an obvious 
exception to the time factor). It follows, therefore, that disease seldom results 
from adult helminth parasites that are not normal human parasites. This is 
not true of larval stages that develop not only in abnormal situations but, 
because of the long life span of man, can often develop in abnormal ways; 
examples include such forms as cerebral cysticercosis, larval toxocariasis, and 
daughter hydatids. In these cases, as in Trichinella, a single exposure may 
produce clinical symptoms. This is true also of the protozoal infections 
because of their ability to multiply within the body. 

As yet there are no preventive vaccines or sera for any of the parasitic infec- 
tions. In many cases specific chemotherapy is available, but in some of them 
(these include some of the more serious ones), no treatment has yet been dis- 
covered. The specificity of the life cycles of these parasites, however, makes 
practical preventive measures feasible, often by such simple expedients as 
good hygiene or the adequate cooking of food. 
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INDUSTRIAL ANTHRAX* 


By Philip Sigmund Brachmant 


Anthrax Investigations Unit, Communicable Disease Center, Atlanta, Ga. 
and 
Francis Robert Feketyt 
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While anthrax remains a scourge in many parts of the world, it has steadily 
declined in importance in the United States. Nevertheless, anthrax has become 
increasingly interesting, for there is still much to be learned about the biology 
of its causative agent, its transmission and pathogenesis, and the mechanisms 
of immunity to it. This presentation will summarize the major developments 
in the field of industrial anthrax since the appearance of the reviews of Smyth 
(1945), Wolff and Heimann (1951), and Steele and Helvig (1953). The term 
“industrial anthrax” refers to cases acquired in nonagricultural occupations 
that require contact with contaminated animal materials. In the United 
States about 90 per cent of industrial cases (about 25 to 35 cases per year) are 
found in workers exposed to carpet wools, goat hair, or goat skins imported 
from countries where anthrax is prevalent. Occasional cases are traced to 
rarer sources such as elephant tusks and bone meal. There is a very slight, but 
definite, risk associated with residence in the neighborhood of factories process- 
ing these materials, for a few cases of the disease have been reported in persons 
living or working near them. 

FiGuRE 1 shows the number of cases of human anthrax reported yearly to the 
National Office of Vital Statistics (NOVS), Washington, D. C., since 1916. 
Both morbidity and mortality have shown definite declines, and at the present 
time only 40 to 50 cases of anthrax are reported yearly. (These are minimum 
figures, since under-reporting of anthrax, either advertent or inadvertent, is 
not unexpected. For example, from 1941 to 1956 NOVS recorded 85 cases of 
anthrax from one state. That state has made records available to us indicating 
that 122 cases occurred there during the same period). As will be shown later, 
however, there is little justification for the optimistic view that this decline in 
morbidity will continue automatically. The cutaneous form of anthrax 
accounts for more than 95 per cent of anthrax in man reported in this country, 
An occasional case of inhalation anthrax or generalized (septicemic) anthrax is 
still reported, but intestinal anthrax has never been documented in the United 
States. Bacillus anthracis is extremely sensitive in vitro to most of the common 
antibiotics (polymyxin is a notable exception), and deaths from anthrax are 
rare at present, whereas a 10 to 20 per cent mortality was expected in the 
_ * The work reported in this paper is from the Communicable Disease Center Public Health 
Service, Atlanta, Ga., The Wistar Institute of Anatomy and Biology, Philadelphia, Pa., and 
the University of Pennsylvania School of Medicine and Veterinary Science, Philadelphia 
Pa, It is Contribution No. 20 of Microbiology and Medicine (Wistar Institute), and was 
supported by a contract from the United States Army Chemical Corps, Fort Detrick, Md. 
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Ficure 1. Anthrax in man in the United States, 1916 to 1956. Data from the National 
Office of Vital Statistics, Washington, D. C. 


preantibiotic era (FIGURE 2). A high fatality rate is still associated with 
inhalation or generalized anthrax. Cutaneous cases in which treatment is 
delayed, however, are frequently more severe than those cases in which therapy 
is initiated within 7 days after onset. 

The nationwide distribution of cases over the past several decades is shown 
in FIGURE 3. It is readily apparent that most of the cases are reported from 
only a few states. It has been realized for some time that those cases reported 
from the northeastern states have been primarily industrial in origin. More 
than 50 per cent of the 3228 cases of anthrax reported since 1916 have been from 
five states (Pennsylvania, New York, New Jersey, Massachusetts, and New 
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Ficure 2. Anthrax fatality rate in the United States, 1916 to 1956. Data from the Na- 
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Ficure 3. Distribution of cases of human anthrax, by states, 1920 to 1956. Data from 
the National Office of Vital Statistics, Washington, D. C. 


Hampshire), which reflects the concentration of textile industries and tanneries 
in them. Cases in other sections of the country usually have been agricultural 
in origin. The latter patients were usually farmers, abattoir workers, or 
veterinarians who were infected as a result of handling carcasses of animals 
that had died of anthrax, or of accidentally contaminating themselves while 
administering a veterinary spore vaccine. Texas, Mississippi, California, and 
Louisiana have accounted for more than 50 per cent of all agricultural cases. 

For purposes of presentation in FIGURE 3, a state was classified as a source 
of industrial cases when the great majority of cases reported from it have been 
industrial in origin, even though it has occasionally reported agricultural cases. 
South Carolina and Nevada have not reported any human anthrax since 1916. 
Prior to 1953, the rare cases reported from North Carolina were agricultural. 
In 1953 a firm processing goat hair was established there, and since then 9 
cases have been reported among its workers. Most of the anthrax reported 
from Virginia has been agricultural, but 4 cases in that state associated with 
a carpet-manufacturing plant were reported in 1955. 

Anthrax is primarily a disease of animals, which constitute its most important 
reservoir. Man is an incidental host only by virtue of contact with such 
animals directly or, indirectly, with their products. As a result, the incidence 
of human anthrax would be expected to reflect the incidence of the disease in 
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Ficure 4. Industrial and agricultural human anthrax in the United States, 1916 to 1956. 
Data from the National Office of Vital Statistics, Washington, D. C. 


animals. That this is the case is shown by FIGURE 4, which demonstrates the 
number of cases of human anthrax diagnosed in the United States since 1916 
by type of exposure. Anthrax in animals in the United States has declined 
since 1940, partly because of good animal husbandry and the widespread use 
of vaccine. The incidence of human agricultural anthrax has declined corre- 
spondingly. Industrial anthrax, however, is a reflection of the incidence of 
disease in foreign animals; since this has not changed appreciably, neither has 
the incidence of industrial anthrax. Notable variations in the number of 
yearly cases of industrial anthrax can be related to changes within the industry. 
The peaks of 1917 and 1941 probably represent the effect of wartime factors, 
such as increased output and employment, and the use of dirtier, less desirable, 
and more highly contaminated raw materials. The trough in the 1930s 
parallels a decrease in employment and production. The agricultural peak 
in 1924 is a reflection of epizootics in Mississippi and Texas. The industrial 
peak in 1926 may reflect the tanning of hides from the domestic herds affected 
in 1924. All of these factors have become relatively stable, however, so that 
for the past 10 years about 80 per cent of the human anthrax in the United 
States (about 30 to 40 cases per year) can be called industrial. The industries 
involved have been far from stable, however. 

In the last decade there has been a marked change in the distribution of 
cases throughout the industries involved, and some of the change can be 
attributed to the increased use of synthetic fibers and plastics. This has 
particularly affected tanneries and carpet-wool concerns, which together 
contributed more than one half of the anthrax diagnosed in the United States 
for several decades (TABLE 1). In spite of the fact that anthrax has been 
declining, tanneries and woolen mills now account for only 11 per cent of the 
cases, or about 4 to 5 cases per year. Cases associated with the goat-hair 
industry now predominate; their number has increased from an average of 3 
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TABLE 1 
DISTRIBUTION OF ANTHRAX IN THE UNITED STATES BY SOURCE OF INFECTION 
(Adapted from Wolff and Heiman, 1951) 


Percentage of reported cases traced to source 
Source ] 
1919 to 1923 | 1924 to 1928 | 1929 to 1933 | 1934 to 1938 | 1955 to 1956 
Hiidesvandiskinse amet eee 53 38 30 35 2 
Wiooll sie anwar ea meer gees 3 25 27 15 9 
Goat bara ee eee 12 | 9 4 3 65 
INGO GA ORS Ameo Coat tn 13 14 26 34 21 
SHayames butts eseye eee teeta 18 a 2 2 0 
Wahoratonyerean nie ecre Ae = 2 3 y 0 


cases per year during the 1930s to about 20 to 25 cases per year, or 65 per cent 
of all anthrax in 1955 and 1956. The number of persons employed in woolen 
mills is at least 5 times the number employed in goat-hair mills. 

For several years, therefore, public health workers have concentrated their 
efforts on the control of anthrax in the goat-hair industry. The major users of 
goat hair are a relatively small number of firms manufacturing haircloth inter- 
linings used to lend shape to suits and coats. This highly competitive industry 
is one of the last of the textile industries to withstand the inroads of synthetic 
fibers. It should be understood that any preventive measure that would 
increase the cost of their product even a few cents per pound would probably 
be disastrous. Consequently, protection against this disease has developed 
into a complicated and challenging public health problem. 

The goat hair used in the United States is obtained primarily from middle 
eastern countries such as Pakistan, Iraq, Iran, and India. It is impossible 
for domestic buyers to control the disease in herds in those countries or to 
predict or reduce the contamination of the hair at the time of export. Raw 
goat hair is shipped in jute- or burlap-covered bales weighing several hundred 
pounds, and stevedores and truckers handling these bales have been known to 
develop anthrax. When the bales are opened at the factory the material is 
fed into picking machines that shake the hair, separate the fibers, and remove 
many of the coarse impurities such as dust, rocks, bones, dried blood, and 
animal feces. Vacuum exhaust systems carry away much of this debris, but 
it is an extremely dusty operation, and one would expect the risk of contracting 
anthrax to be great at this stage.* 

The hair fibers are then fed into carding and combing machines that further 
classify and separate the fibers. The loose strand of hair that is produced 
is then blended with various other fibers such as wool or rayon to produce a rope- 
like material called “hair top.” The top is drawn into a narrow strand and 
spun on frames. The resultant thread is then woven into fabric. The fabric 

“in. one factory the hair is scoured after it has been picked. This is done to improve the 
quality of the finished product rather than to prevent anthrax. This scouring process con- 
sists of feeding batches of the hair into a series of 3 vats of water and soap or soda ash at 40 


to 50° C. for about 30 minutes. The hair is then rinsed and conveyed to chambers in which 
it is dried in warm air at 80° C, for 15 minutes. 
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TABLE 2 
RELATION OF THE DEVELOPMENT OF ANTHRAX TO SURFACE CONTAMINATION 
AT VARIOUS STAGES IN THE PROCESSING OF GOAT Harr: 1945 ro 1956 


| Total | Cases per 100 mill employees per year Per cent surface 

Department | cases of | nae i poe 

P ‘ or B, anthracts 

sain MilA | Mill B Mill C | Combined | 1984’ to 1956 
See 22 4.4 4.4 * 4.4 | 66 
Parding.............. 40 | 4.4 4.4 sp 4.4 62 
BUOMIOI. 0. eee 25 CPO aA ene 4.4 4.0 59 
TES ga er 40 Be 2.8 S20 oe Ad 
Spinning. .......... Me fe hd gl) BS 1.8 ao 39 
Weaving.............| 16 Cems he Ose 0.2 ON2 22 
Pinishing......... - 16 0.9 0.9 0.8 0.8 19 
JS a oe 0 0.0 0.0 “3 0.0 5 

Pritire Poi... .- 2s... 259 12 1.6 LO 1.4 Ad : 


* Excluded because of lack of reliable data. 


interlining is finished by singeing (to remove extraneous hair), sizing, washing, 
Sanforizing, and other processes. 

The danger of contracting anthrax has always seemed to be greatest in the 
early stages of this process. TABLE 2 summarizes information on this point 
collected from 3 goat-hair factories. Two hundred and fifty cases of anthrax 
were diagnosed in these 3 factories in the past 15 years, or 1.4 cases per 100 
employees per year. The greatest number of cases came from the spinning 
rooms, but the highest attack rates were found in the processes preceding spin- 
ning. Attack rates averaged more than 4 cases per 100 employees per year in 
the picking, carding, and combing departments, or about twice that in the 
spinning department; relatively low rates were found in the weaving and finish- 
ing stages. The trend toward a lower risk of contracting anthrax in successive 
stages was noted in all the factories studied. The striking similarity of depart- 
mental attack rates in each of the factories is noteworthy. It has been sug- 
gested that the risk of contracting the disease in one of these factories is related 
to the proximity of the employee to the picking and carding rooms, and that 
most of the plant contamination results from the spread of the organism through 
the air from that source. The factories studied use similar methods of produc- 
tion, but their physical plants are quite different. Consequently, this striking 
correspondence in attack rates between factories suggests that the nature of 
the work is a more important determinant of the attack rate than is proximity 
to the hair storage and picking area. Mill C, which scours its raw hair imme- 
diately after picking, has as high an attack rate as those that do not. These 
attack rates may be compared to those in the wool industry furnished by Wolff 
and Heimann (1951), who recorded 0.078 cases per 100 employees per year in 
that industry, or about one twentieth the rate in the goat-hair industry. The 
rate for workers engaged in picking, carding, and scouring wool was about 
0.27 cases per 100 employees per year, or about one fifteenth the rate noted in 
the corresponding stages in the processing of goat hair. Our studies have 
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Ficure 5. The relation of the risk of developing anthrax to the contamination of surfaces 
with Bacillus anthracis, by department, in three mills, 1954 to 1956. 


shown that wool-processing mills are less contaminated with the spores of 
B. anthracis than are goat-hair mills. 

TABLE 2 also summarizes the results of our studies on different occasions of 
the surface contamination of several goat-hair mills with the spores of B. 
anthracis. Moist sterile cotton swabs were used to take cultures from floors 
and walls and from machinery and other equipment. The swabs were then 
used to inoculate blood agar plates that were incubated for 18 hours at 37° C. 
Colonies grossly and microscopically resembling B. anthracis were tested for 
mouse virulence and lysis by the gamma-bacteriophage of Brown and Cherry 
(1955). Forty-four per cent of all samples in this series were positive for B. 
anthracis, indicating a relatively high contamination of the mills with this 
pathogen. The greatest numbers were isolated from the early, dusty stages. 
FicurE 5 shows that the departmental attack rate in these mills bears a direct 
relation to the level of surface contamination. 

That contact by man with the organism does not necessarily lead to disease 
is demonstrated by the recent report of Carr and Rew (1957), who were able to 
recover B. anthracis from the nose or pharynx of 14 of 101 healthy workers in 2 
of these mills. Again, most of the recoveries were from persons working in the 
early stages of production. While the transmission of anthrax either from 
infected persons or workers such as these has never been documented, cases 
have been recorded in which asymptomatic workers might have been respon- 
sible. Transmission via the clothing of these workers is another likely explana- 
tion of these incidents. 

It might be inferred from FicurRE 5 that, if the surface contamination could 
be reduced to the 10 per cent level, a negligible attack rate might prevail. Our 
experience tends to confirm the importance of plant hygiene. However, it is 
probable that both the level of plant contamination and the attack rate are 
dependent upon the more important factor of hair contamination. Attempts to 
decontaminate the hair have met with many difficulties. In England, while 
the establishment of the Wool Disinfection Station at Liverpool and the 
passage of governmental regulations have satisfactorily controlled anthrax, 
such a plan does not seem applicable in the United States. The initial cost 
of the equipment would be enormous, it would be difficult to decide where it 
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should be located, and the continuing costs (estimated at $3,000,000 per year) 
could not be absorbed by the industry. A few firms here have recently begun 
to steam-sterilize their hair in the top stage, but this is not entirely satisfactory, 
since the procedure alters the material and makes spinning difficult. In addi- 
tion, persons working in the early, higher-risk stages are unaffected by this 
measure. We have evaluated several other methods of disinfection (to be 
reported elsewhere) and have not found them to be effective or practicable. 
Considering the many facets of this problem, it would appear that the use of 
an immunizing agent to protect these workers is the most logical and practical 
way to reduce the incidence of anthrax. Such a material has been developed 
by the United States Army Chemical Corps (Wright ef al., 1954), and is 
being field tested in some mills. 

It has been hypothesized that many workers in these factories develop immu- 
nity to anthrax by virtue of some kind of subclinical infection in this highly 
contaminated environment; FIGURE 6 shows one of the reasons for this view. 
This graph shows the number of years 46 persons who developed anthrax had 
worked in the industry before developing the disease. The largest number of 
cases for a single year was observed in the first year of employment, and more 
than one half the cases occurred in persons who had worked less than 4 years. 
However, it has always been difficult to explain cases occurring after 15 to 20 
years of contact with this environment. In an attempt to answer this question 
we obtained data on the length of employment of all the workers in these 
factories. From this information it has been possible to estimate the composi- 
tion of the exposed population over this period and to determine the relation of 
the length of employment to the attack rate. The graphic distribution of the 
length of employment of all workers (FIGURE 6) was similar to that of the 
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Ficure 6. The relation of length of employment in a goat-hair mill to the development 
of anthrax. 
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TABLE 3 


RELATION OF THE LENGTH OF EMPLOYMENT TO THE DEVELOPMENT oF ANTHRAX 
tn Four Companies Processinc Goat Harr: 1945 To 1956 


k z 
Number of years employment Cases GS ie pee Number of employees ate eaolscc, a 

0 to 4 9.8 546 1.8 

5 to 8 3.4 262 iS 

OMont2 1.9 209 0.9 

13 to Lo ile a! 119 0.9 
Ljmtion20) uted 90 tee 

Didone PAOMIE aoe tc oa oeen ee Lies 1226 1.4 


anthrax cases, for the majority of workers had been employed in this industry 
less than 5 years. TABLE 3 shows the attack rates for varying periods of 
employment. These rates ranged from 1.8 cases per 100 employees per year 
in the first 4 years to 0.9 for those who had worked for 9 to 16 years. The 
rate for 17 to 20 years’ employment was 1.2 cases per 100 per year. None of 
these rates are significantly different. In addition, they show much less varia- 
tion than was observed between departments in these plants (TABLE 2). It was 
our conclusion, therefore, that these workers do not develop subclinical infec- 
tion or immunity to anthrax by prolonged exposure to the organism. Actually, 
while a second attack of anthrax in the same individual is very rare, there are 
reports of its occurrence (Gold, 1946), and immunity to anthrax in humans 
has never been demonstrated conclusively. 

FiGuRE 7 outlines a small epidemic of anthrax that illustrates some of the 
problems already described. It charts the occurrence of anthrax at one 
company (Plant D) and its subsidiary elsewhere (Plant E). Picking, carding, 
and combing are performed at Plant D, and then part of the hair is sent to 
Plant E for further processing. Plant E was established early in 1953 and, a 
few months later, the first case of cutaneous anthrax was reported there. An 
investigation revealed extensive contamination of the plant environment with 
B. anthracis. The plant was closed and thoroughly cleaned with 5 per cent 
formaldehyde. A check of environmental contamination following this did 
not reveal any B. anthracis. At the same time, Plant D began to steam- 
sterilize the hair top before sending it to the subsidiary. However, a second 
case of anthrax was reported from Plant E in June 1955. At that time 4.3 per} 
cent of the environmental cultures there were positive for B. anthracis. In 
addition, it was realized that the steam sterilization had not been completely 
effective, since B. anthracis was recovered from the inside of several balls of 
hair top shipped to Plant E. In December 1955 and in the early part of 1956 
an unusual number of cases were reported from both mills; 7 cases were diag- 
nosed at Plant E and 4 at Plant D. At that time 70 per cent of the surface 
samples at Plant D and 28 per cent of the surface samples at Plant E were 
positive for B. anthracis. This is probably related to the fact that the company 
began to use goat hair from Iran late in 1955. The management felt that the 
Iranian hair was “dirtier” than the hair normally used and that, accordingly, 
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Figure 7. Anthrax in two related goat-hair mills. 


it was possibly more contaminated. Changes were made in the method of 
steam sterilization so as to ensure better penetration of steam to the center of 
the ball of hair top to reduce the possibility of error. Plant E was again 
washed with disinfectant. Since that time occasional cases have been diag- 
nosed at Plant D (which uses unsterilized hair), but no further cases have 
been noted at its subsidiary. In November 1956, 3.7 per cent of the surface 
samples taken at the subsidiary plant were positive for B. anthracis. Tf this 
low level of contamination can be maintained, the number of cases of anthrax 
diagnosed there will probably be small. 


Summary 


The number of cases of anthrax in humans in the United States has steadily 
declined to the present level of 40 to 50 cases per year. Practically all diag- 
nosed anthrax is now the cutaneous form, and deaths from the disease have 
been rare since the introduction of antibiotics. The majority of cases reported 
are industrial in origin, and they can most frequently be traced to contact 
with imported goat hair. The further reduction of the incidence of anthrax 
presents many problems, but adequate ventilation and high standards of 
cleanliness in the mills seem to play an important role in the control of anthrax. 
The risk of contracting anthrax is greatest in the early steps in the processing 
of goat hair and is greater than the risk associated with wool processing. Pro- 
longed exposure to the organism does not appear to lead to the development of 
subclinical infection or immunity to anthrax. 
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Discussion of the Paper 


Oscar SussMAN (Bureau of Veterinary Public Health, State of New Jersey 
Department of Health, Trenton, N. J.): There was a known case of anthrax 
originating from bones imported from abroad; these bones were utilized in the 
production of gelatin in a plant located in New Jersey. Apparently the proce- 
dure used for the production of this gelatin did not kill all of the anthrax 
spores. This is a case in which known disease organisms are present in a 
product that will be used as human food. My question is whether or not there 
is considerable danger of air contamination of the finished product, which is 
made in the same plant in which the original infected bone material was 
processed? 

PHILIP SIGMUND BRACHMAN: The question as to whether there is considerable 
hazard in air contamination of the finished gelatin product is related directly 
to the degree of contamination of the processed dried bones, to the types of 
equipment used, and to the ventilation of the plant, as well as to the stages 
in the manufacturing process at which the actual grinding and mixing take 
place. These factors will be all-important in determining the type of aerosol 
that may be established in such a plant. Certainly, if conditions are favorable | 
it would be possible for the finished gelatin to be contaminated with bacterio- 
logical organisms originating from the raw material via the air. However, 
one cannot hazard a guess as to the probability of such an occurrence without | 


more information about the plant, about the raw material, and about other 
factors already cited. 


NEWCASTLE DISEASE* 


By R. P. Hanson 


University of Wisconsin, Madison, Wis. 
and 
C. A. Brandly 


University of Illinois, Urbana, Ill. 


Newcastle disease is an infectious, highly contagious disease that afflicts 
chiefly chickens and turkeys. Many species of birds, as well as various mam- 
mals, including man, may contract the infection with serious consequences. 
In birds Newcastle disease may vary in its manifestations trom an acute, ful- 
minating form to subacute, mild, or clinically inapparent forms manifesting 
various degrees of generalized and systemic involvement, especially of the 
respiratory and nervous systems. It has been recognized in man chiefly as an 
acute, transient conjunctivitis with or without malaise, preauricular adenitis, 
fever, and chills. Generalization of the infection, with presence of the virus 
in the blood, urine, and respiratory tissues and secretions, has been encountered. 


Properties of the Virus 


In some of its characteristics the causative virus of Newcastle disease is simi- 
lar to the viruses of influenza and mumps. This virus is admirably suited to 
survival in nature, as it is resistant to the adversities of environment, including 
temperature, putrefaction, drying, moisture, and light that it encounters in the 
habitat of its most common host, domestic poultry. The virus of Newcastle 
disease survives long exposure to a wide range of pH values—extremes of 4 to 
10 at 4 to 6° C. for 1 week or more—that are inimical to most viruses (Moses, 
Brandly, and Jones, 1947). In studies of heat stability involving 31 strains of 
Newcastle disease virus, Hanson (1949) found that all strains remained infec- 
tive after 15 min. at 56° C., 3 were innocuous after 30 min. and, of the re- 
mainder, 3 retained their infectivity after such heating for 180 min. 

Early work by Doyle (1927) and, later, that of others showed that drying 
of Newcastle disease virus-infected secretions and tissues prolonged the survival 
time by months or years. H. E. Rhoades (personal communication, 1957) 
found that strain KD-NJ, suspended and lyophilized in horse serum, remained 
viable at room temperature (22 to 30° C.) for 1 year; in the refrigerator (6 to 7° 
C.) for 10 years, the latest period tested. Another strain, 11,914, lived for 1 
year, but not for 2, under each condition. Seventeen field strains were also 
viable after storage in the refrigerator (6 to 7° C.) for 10 years. 

Definitive data on the effect of light are limited. Exposure of infected organ 
suspensions to direct sunlight for 1 hour had no effect on the virus (Iyer, 1943). 
Exposure of virus-bearing fluid to short ultraviolet rays (1600 to 1800 A) in- 
activated the strains studied in 0.8 to 1.08 seconds (Brandly et al., 1946a). 

* The literature on Newcastle disease has become so voluminous that references in this 
paper have been limited largely to reviews and to the selected reports that are available to 
the authors. 
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The tenacity of Newcastle disease virus under poultry-house environments 
is well demonstrated by Dobson’s experience (1939). One-day-old chicks 
became infected after being placed in “dirty”? battery brooders 7 weeks after 
removal of Newcastle disease-infected chickens. Chickens placed in an un- 
cleaned pen 2 weeks after the removal of fowls sick with Newcastle disease 
developed specific viral antibodies without prior overt signs (Jungherr, 1948). 
Newcastle disease virus remained viable for at least 6 months in the bone mar- 
row and muscle tissue of fowl carcasses held under “‘trade chilling” conditions 
(Doyle, 1933). The skins of both dressed and plucked infected carcasses of 
market poultry stored at 24 to 36° F. (—5 to 2° C.) retained their infectivity 
for at least 60 days (Gordon, Reid, and Asplin, 1948). Similar studies with 
carcasses and tissues of artificially infected fowl showed that Newcastle disease 
virus survived in them for 98 to 160 days (Asplin, 1949). According to Olesiuk 
(1951), strain 9251 survived in fresh eggs under certain storage conditions for 
the following periods: incubator, 126 days; normal room, 235 days; hen house, 
255 days; refrigerator, 538 days (last test). The virus remained viable on 
chick down for the following numbers of days: incubator, 87; normal room, 
192; hen house, 255 (last test); refrigerator, 538; freezer chest, 538 (last test). 

Substantial resistance of Newcastle disease virus to destruction by various 
chemical agents commonly employed for disinfection, including the phenolic 
compounds and formalin, as suggested by the work of Doyle (1927) and Farinas 
(1930), has been verified by more critical later studies (Tilley and Anderson, 
1947; Cunningham, 1948; Moses, 1948; Beamer and Prier, 1950). Triethylene 
glycol vapors in saturated concentrations at 23° C. and 50 per cent relative 
humidity were found to be quickly lethal to Newcastle disease virus aerosols 
(Krugman and Swerdlow, 1949), yet in trials in a large broiler plant (Ellis, 
Brandly, and Hanson, 1952) and with artificial infection among chicks (Uni- 
versity of Illinois, unpublished data) triethylene glycol vapors failed to prevent 
the spread of even benign Newcastle disease infection. 

The properties of virulence and pathogenicity, which are inseparable in the 
complex interaction between the host and its viral parasite, are paramount in 
assessing the significance and potential of Newcastle disease. Certain strains 
of Newcastle disease virus are lethal for chickens, embryonating avian eggs 
and, sometimes, for various other species, whereas other strains, which may be 
variants of the lethal ones, are of low or indifferent pathogenicity. Prior or 
concurrent devitalizing factors, including environment and other diseases, 
may increase the susceptibility of the host and, later, the severity of Newcastle 
disease (Francis and Kish, 1952; Sinha, Hanson, and Brandly, 1957). This 
may be seen in the markedly adverse reactions resulting from complications of 
vaccinal infection (Brandly and Winslow, 1947; McDougle, 1948; Binns, 
Nelsen, and Miner, 1949). Age as a susceptibility factor is well recognized in 
mammals (Upton e/ al., 1955) as well as in poultry (Brandly, 1950, and else- 
where). Nevertheless, deviations from the highly fatal fulminating disease 
that identified the initial and early outbreaks of Newcastle disease (Doyle, 
1927; Kraneveld, 1926) were not recognized until several years after the first} 
appearance of Newcastle disease in the United States (Brandly, 1953; Beach, 
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19445 Beaudette and Hudson, 1956). Wild strains of low pathogenicity 
identified later include the low form from England (Anon., 1948); the English 
F strain (Asplin, 1947); the B, or Blacksburg strain (Hitchner, Reising, and 
Van Roekel, 1951); one associated with an outbreak in Germany (Hilbrich, 
1952); and the Roakin strain (Beaudette, Bivins, and Miller, 1949). 

Markedly emphasizing the great variability in pathogenicity and other prop- 
erties of Newcastle disease virus were the differences found by Hanson (1949) 
among various strains of Newcastle disease virus. Among 18 strains studied, 
pathogenicity varied from 0 to 108 LD5o doses per 0.5 ml. of infective allanto- 
amniotic fluid, and the tropisms varied from low to high degree of pneumal, 
visceral, and neural. Aside from its capacity to invade and involve the central 
nervous system of the postnatal fowl and mammal, Newcastle disease virus 
was shown to produce developmental defects in chicken embryos following 
inoculation of the embryonating egg (Williamson, Blattner, and Robertson, 
1953). 

Differences or changes in tissue tropisms among strains of Newcastle disease 
virus can account for variations in such properties as invasiveness of the virus 
and in the signs, course, and pathological changes resulting from Newcastle 
disease infection (Jungherr and Terrell, 1946). Furthermore, evidence was 
advanced to indicate “that aside from individual and host factors, differences in 
pathogenicity and infective dosage, route of infection and, particularly degrees 
of partial immunity prior to infection act as principal modifiers of pathologic 
expressions of the disease.” 

The established tenacity of Newcastle disease virus obviously contributes 
significantly to its perpetuation and spread. In addition, its pneumotropic 
affinities favor air-borne liberation, especially via infective droplets and parti- 
cles, from the respiratory system. Infection by way of the alimentary tract, 
with eggs and through coitus, together with elimination via all body orifices 
and from the integument during life of fowl afflicted with Newcastle disease, 
further assures extensive dissemination of the virus. With ready spread of 
often concentrated infection, there is provided opportunity, which history in- 
dicates Newcastle disease virus has utilized efficiently, for variation and muta- 
tion. The latter characteristic, reinforced by the multiple-tissue tropisms of 
Newcastle disease virus can account, in part at least, for its recognized adapta- 
bility to host species other than fowl. 

Continued frequent contact via respiratory, conjunctival, and other routes 
may facilitate development of Newcastle disease to person-to-person contagions 
and among individuals of other mammalian species (Brandly, 1950, 1952; 
Quinn ef al., 1952; Kyle, MacFadden, and Gunderson, 1952). Evans (1955) 
pointed out that emergence of variants of Newcastle disease virus caused the 
respiratory form of the disease in man, and may result in man-to-man trans- 
mission of the infection in the future. 


World-Wide Dissemination of the Virus 


The recorded history of Newcastle disease emphasizes the consequences of 
lack of sanitary regulation and control of the disease upon its further dissemina- 
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tion from its point of origin in Indonesia, where it was described in 1926 as a 
previously unknown fulminating malady. In England, Newcastle disease was 
summarily eradicated by slaughter and terminal disinfection following its 
first outbreak there in the same year (Doyle, 1927). During the decade follow- 
ing recognition of what is now generally called Newcastle disease, the malady 
was reported from India, the Philippines, Japan, Korea, Australia, Ceylon, and 
Kenya. Subsequently it was recognized in Syria, Palestine, and the Middle 
Congo and, during World War II, it spread to Europe by way of Sicily and 
continental Italy. It was first identified in the United States in 1944 (Brandly 
et al., 1944, 1946; Beach, 1944), but it may have found its way there as early 
as 1935 (Beach, 1944; Beaudette and Hudson, 1956). The present world-wide 
diffusion of Newcastle disease was inevitable in the absence of land and sanitary 
barriers between adjacent areas or across water and air routes of transport. 
Inevitable also is the continued opportunity for Newcastle disease virus to 
adapt to new animal hosts, including man. 

The identity of Newcastle disease in its initial appearance in these and later 
foci was seldom recognized, with the result that many synonyms, including 
pseudofowl pest, atypische gefliigelpest, pseudopoultry plague, avian pest, 
Ranikhet, avian distemper, and pneumoencephalitis have been recorded 
(Brandly ef al., 1946). Handicapped by lack of definitive laboratory diagnostic 
procedures and by the differences in clinicopathological features of the disease 
as it appeared in new areas, recognition of the malady and application of con- 
trol measures were frequently delayed. The delay in suspecting and identify- 
ing Newcastle disease after it had invaded the United States can be ascribed 
largely to the previously undescribed features of the disease; namely, low mor- 
tality and predominance of respiratory and nervous signs. 

The low mortality rate was also responsible, in large part, for the attitude of 
the poultry industry of the United States in opposing the accepted principle 
of eradicating newly introduced exotic maladies, as was done with foot-and- 
mouth disease. Nevertheless, the development of mild or subclinical expres- 
sions of the disease, whether through change in the virus, the host, or both, 
make it more difficult to detect and, especially, to eradicate, Newcastle disease 
being a contagion that is highly diffusible. 


Source of Infection 


A primary source of infection for chickens and one source of infection for man 
is the chicken in the initial stage of disease. Beginning as early as 24 hours 
before the development of respiratory signs and continuing for several days 
thereafter, diseased birds discharge virus into the air that they exhale (Sinha, 
Hanson, and Brandly, 1952). The virushas been recovered from small samples 
of air taken within a few inches of the heads of such birds, and it also has 
been obtained from the air in poultry houses in which a number of diseased 
birds were present (DeLay ef al., 1948; DeOme et al ., 1948). The respiratory 
discharges contribute almost all of the virus that exists in the form of the natural 
aerosol to which poultrymen are exposed. Fecal discharges, except in the 
instance of infection with one of a few exotic strains, are relatively free of virus. 
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Artificial aerosols are also a considerable hazard to man. Fluid virus is 
sprayed and nebulized as a means of vaccinating chickens (Johnson and Gross, 
1951; Hitchner and Reising, 1952). Virus dust preparations are used for the 
same purpose. Those who provide vaccinating service to poultrymen and 
poultrymen who do their own vaccinating are subject to exposure to these 
aerosols for periods varying from a few minutes to several hours, and at inter- 
vals as frequent as 5 times weekly and as infrequent as once or twice a year. 
Strains of low pathogenicity for chickens are used for vaccines, but it has not 
been shown that these strains are less hazardous for man (Quinn, Hanson, and 
Brown, 1952). 

The laboratories in which the vaccines are produced and in which the virus 
is studied provide other and important opportunities for exposure of man to 
viral aerosols. The virus is isolated in embryonating chicken eggs for diagnosis 
and is propagated in them for the production of vaccine. The shell is broken 
in harvesting the infective fluids and tissues, and the desired materials are 
removed with a suction device and transferred to mixing containers. The virus 
material is ground, centrifuged, and lyophilized before packaging. Aerosols 
may be created in transferring, grinding, or centrifuging operations (Stein and 
Rogers, 1950). When lyophilization is done in a bulk drum, the dried virus 
is ground to a fine powder and distributed in measured quantities to the final 
vial. This process exposes the operator to a high and continuous virus aerosol 
(Evans, 1954). Such individuals usually have good serologic titers. 

Even in the incubative stages of the disease, the carcass of the chicken 
contains some virus (Hofstad, 1951). The concentration is the highest in 
the viscera, particularly in the lungs and spleen, although detectable quantities 
may be found in the blood and even in the muscle. Individuals working in 
eviscerating plants and in diagnostic laboratories are exposed when handling 
such materials. Virus may be carried to the eyes or nose by the spattering 
of blood and tissue substances, or it may be transferred to the eye by con- 
taminated hands. The edible carcass should, under usual conditions of 
marketing, be quite free of virus, and an instance of human infection by the 
ingestion or handling of dressed poultry 1s unknown. 

Diseased carcasses and, particularly, viscera may be a source of infection to 
chickens (Hess, 1951; Lloyd, 1952). It is possible that scavengers among 
rodents and carnivores may distribute the disease by eating dead chickens and 
then contaminating food supplies with their excreta (Polci and Silvagni, 1955; 
Bolin, 1948; Walker and McKercher, 1954). 

Since a viremia occurs in Newcastle disease of chickens, research workers 
have suspected that biting arthropods may play some role in the epizootiology 
of the disease. Little support has been found for this idea. Lice and mites 
do become engorged with the virus, and it has been detected in them by grinding 
and injecting material into eggs, but no virus has been transferred by the 
bites of arthropods (Bolin, 1948; Hofstad, 1949). Furthermore, instances in 
which Diptera were reported to transmit the disease have not been confirmed 
(Picard, 1934). It is doubtful that man is exposed to the virus by the agency 


of arthropods. 
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Disease in Man 


Burnet (1943) was the first to report the pathogenicity of Newcastle disease 
for man. An individual harvesting virus from an embryonated egg in his 
laboratory was infected by material that splashed into an eye. Conjunctivitis 
developed within 24 hours, and the virus was isolated from washings obtained 
from the affected eye. Most of the subsequent cases in man have followed a 
similar course, with a mild to severe conjunctivitis and spontaneous recovery. 

More than 100 cases have been observed since this initial one, and numerous 
reports have appeared in the literature (TABLE 1). The incubation period is 
usually 1 or 2 days, but it may occasionally be 3 or 4 days. The initial signs 
of infection of the eye are irritation and lacrimation. The eye appears red from 
the injection and swelling of the subconjunctival tissues. | The inflammation 
may become more severe in the next day or two. The lid may also become 
edematous, and the preauricular lymph node may become palpable. Nelson 
et al. (1952), who observed 40 cases in man, reported that the preauricular 
adenitis developed on the infected side of 50 per cent of the patients. They 
found only one eye infected in almost all of the cases, and observed that 
constitutional symptoms were rare. The conjunctivitis lasts for 3 or 4 days in 
most patients, but courses of 7 to 8 days and even of 21 days have been reported. 

A description of cytoplasmic inclusions presumed to be pathognomonic in 
cells obtained from conjunctival scrapings on the third, fourth, and fifth days 
(Keeney and Hunter, 1950) has not been confirmed by other observers (Or- 
landella, 1955). Blood changes do not appear to be consistent. The cornea, 
the extraocular movements, and the visual field remain normal, and the pupil 
reacts normally. Recovery is usually uneventful and complete within a week 
or two. Occasionally subsequent impairment of visual accommodations has 
been reported. 

Virus has been isolated from conjunctival washings obtained on the second, 
third, fourth, and fifth days after the onset of symptoms. In some instances, 
virus has been isolated from other secretions and tissues. Antibodies have 
been detected as early as 7 days after onset but, more frequently, 14 to 21 days 
later. The immunological response is variable. Some individuals from whom 
the virus has been isolated do not develop hemagglutination-inhibition or 
serum-neutralizing antibodies. In others, hemagglutination titers of 1:16 to 
1:160 and serum-neutralizing titers of 1:100 to 1:100,000 have been reported. 
Among employees of a chicken-processing plant, Nelson ef al. (1952) found 
that 64 per cent of the exposed individuals not reporting conjunctivitis had 
high neutralizing titers, and only 25 per cent of those reporting conjunctivitis 
had high neutralizing titers. None of the unexposed controls had significant 
titers. 

A generalized infection of man has been reported by numerous observers 
(TABLE 1). In some instances it has been a mild influenza-like infection charac- 
terized by rise in body temperature of 2 or 3° F. with chills and pharyngitis 
(Mitchell and Walker, 1951). Conjunctivitis may or may not be associated 
with this symdrome (Quinn ef al., 1952). The infection lasts 3 to 4 days. 
The exposure of most individuals in whom the generalized infection has devel- 
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TABLE 1 
NEWCASTLE DISEASE OF MAN 
— oe — ae? 
Year Notes 

Burnet, F. M. | Med. J. Australia. 2: 313. 1943 | first isola- 

tion 

ANDERSON, E. E. Med. J. Australia. 2: 371. 1946 

SHIMKIN, N. I. _ Brit. J. Ophthalmol. 30: 260. 1946 

Yarom, J. Harefuah. 30: 47. 1946 | 17 clinical 

cases 

Raprat, M. : Ophthalmol. 113: 106. 1947 

Howirr, B. F., L. K. Bisnop & | Am. J. Public Health. 38: 1263. | 1948 | (see Howitt 
R. E. KIssLinc. . 1950) 

Hurt, L. M. ! Los Angeles L. D. Rept. 1948 

Kuyumcrey, J. | Zooprofilassi. 3: 76. 1948 

Pomeroy, B. S. & R. Fenster- | U.S. Egg Poultry. 54: 19. 1948 
MACHER. 

Bawett, M. B., M. LeGrrr, F. | J. Lab. Clin. Med. 34: 1581. 1949 | isolation 
Murrey, W. ScHOFIELD & G.O. from lung 
BROUN. 

Berke, Z. & S. B. GOLEM. Tiirk ee Tecriibi Biol. Dergisi. | 1949 

) EE 
FREYMANN, M. W. & F. B. Bane. | Bull. ee Hopkins Hosp. 84: | 1949 
409. 

Incatts, W. L. & A. MAHONEY. Am. J. Public Health. 39: 737. | 1949 

McGoveg, I. F. Ohio State Med. J. 45: 25. 1949 | later invali- 

dated 

Sunkovirts, J. Kisérletes Orvostudomany. 1: | 1949 

134. 
Howirrt, B. F. | J. Immunol. 64: 73. 1950 | (see Howitt 
1948) 

Jacotor, H., A. VarteE & A. Le | Bull. acad. natl. méd. Paris. 134: | 1950 
PRIOL. 106. 

Kerenry, A. H. & M. C. Hunter. | A. M. A. Arch. Ophthalmol. 44: | 1950 

EVES 

Lépme, P., P. Aranastu & H. G. | Rev. méd. vet. y parasitol. 5: | 1950 
GABREAU. 1054. 

SHEEHAN, G. A. | J. Am. Vet. Med. Assoc. 66: 219. | 1950 

Evans, A.S. | J. Immunol. 67: 529. 1951 | serologic 

| survey 

Gustarson, D. P. & H. E. Moszs. | J. Am. Vet. Med. Assoc. 118: 1. | 1951 

HUNTER, M. C., A. H. Keeney & | J. Infectious Diseases 88: 272. 1951 | (see Keeney 
M. M. SIGE. 1950) 

Latte, B. Bull. Ocul. 30: 553. 1951 y 

ME NICK, J. L. & N. LEDINKO. Am. J. Hyg. 54: 354. 1951 | serologic 

survey 

Mircuert, C. A. & R. V. L. | Can. J. Comp. Med. Vet. Sci. 15: | 1951 | influenza- 
WALKER. | _ 226. like disease 

Divo, A. & A. FEGO. | Bol. inst. invest. vet. 4: 644. 1952 ee paro- 

tiditis 

Eyouem, A. & J. DAUSSET. Ann. inst. Pasteur. 83: 407. 1952 | clinical sur- 

vey 

a. n, O. | Am. J. Ophthalmol. 35: 104. | 1952 

Segal S. E. & E. CLARK. | A.M. A. Arch. Internal Med. 1952 | case of ane- 

| 89: 270 mia : 
Am. J. Public Health. 42: 672. | 1952 | outbreak in 
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Year Notes 
Necri, R., A. p’AMorE & L. | Attisoc. ital. sci. vet. 6: 562. 1952 
RAVAIOLI. . ; 
Quinn, R. W., R. P. Hanson, J. W. | J. Lab. Clin. Med. 40: 736. 1952 | isolation 
Brown & C. A. BRANDLY. from 
blood and 
urine 
Stonm, D. & V. STRANUKOVA. Bull. Hyg. 27: 708. 1952 
Toroinik, E. & A. H. Becanovic. | Vet. Arch. 21: 572. 1952 
WEnNER, H. A., M. H. Jenson & | J. Immunol. 68: 343. 1952 
A. MONLEY. | 
BIELING, R. & O. SIEGMANN. Deut. med. Wochschr. 78: 1037. 1953 - 
MircHeELt, C. A. Proc. Book Am. Vet. Med.) 1953 | encephalitis- 
Assoc. : 432. like dis- 
ease 
Mootren, S. E., E. CLark, B. F. | Am. J. Med. 14: 294. 1953 | (see Moolten 
Gasser, E. Katz & B. S. Mir- | 1952) 
LER, 


Necri, R., A. p’AMORE & L. | Rend. ist. super. sanita. 16: 183. | 1953 | 
RAVAIOLI. 


PASCUAL J. Am. Med. Assoc. 151: 567. 1953 | case of je- 
junititis 
Ropot, M. Thesis Paris (Alfort) 1953 
Dinter, Z. & K. BAxkos. Nord. Med. 51: 853. 1954 
Evans, A. S. Am. J. Hyg. 60: 204. 1954 | 
ScHoop, G. Deut. tierartzl. Wochschr. 61: | 1954 | 
162. 

SrEGERT, R., H. G. HAusMANN & | Klin. Wochschr. 32: 8. | 1954 

E. MANNWEILER. 
AMADEO, G. Gaz. Vet. 3: 17. 1955 
ANON. Zootria Chile. 4: 25. 1955 
Evans, A. S. Am. J. Public Health. 45: 742. | 1955 | 
Franco, A. S. Bol. inform. S. y V. A. 7: 3. 1955 
Jacotot, H., A. Vatr£E & A. LE | Ann. inst. Pasteur 88: 111. 1955 

PRIOL. 
ORLANDELLA, V. Nuova vet. 31: 206. 1955 
VETTERLEIN, W. Deut. Gesundheitsw. 10: 1327. | 1955 


oped has been through an aerosol of the virus. Isolation of virus has been 
made from nasopharyngeal washings, saliva, blood, and urine. Bawell ef al. 
(1949) also isolated the virus from lung tissue obtained by biopsy. 

Several other forms of this disease have been suggested. Moolten and 
Clark (1952) reported a hemolytic anemia. The virus was isolated from the 
blood of three patients over an extended period. Recovery took several 
months. A Spanish investigator (Pascual, 1953) has described a jejunitis 
associated with Newcastle disease infection of man. Invasion of the central 
nervous system, with consequent production of encephalitis, was initially sus- 
pected by Howitt, Bishop, and Kissling (1948) upon serologic grounds that 
were subsequently found to be untenable (Howitt, 1950). Canadian workers 
have described a mild encephalitis in a man from whom Newcastle disease 
virus was isolated (Mitchell, 1953). Wenner, Montley, and Todd (1950) have 
shown that the virus is capable of producing fatal encephalitis in rhesus mon- 
keys if inoculated into the central nervous system, but that the virus is unable 
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to invade the central nervous system through the blood system or even along 
the peripheral nerves. While there is considerable evidence that systemic 
infection of man sometimes occurs, some of the reports are open to criticism 
(Morgan, 1952). 

The immunology of Newcastle disease in man is perhaps the most contro- 
versial aspect of the disease. In chickens the virus induces the production of 
antibodies that inhibit the hemagglutinin of the virus and neutralize its infec- 
tivity for a susceptible host. Hemagglutination-inhibition titers of 1:1280 and 
serum-neutralizing titers of 1:1,000,000 are not uncommon, and they develop 
within 14 to 21 days after the initiation of infection. Birds with circulating 
antibodies are immune to challenge. Specific antibodies detectable by hemag- 
glutination-inhibition, serum-neutralization, and complement-fixation tests 
may be produced in rabbits, cattle, and horses. While some serologic differ- 
ences exist among strains of the virus, all strains cross-react to a considerable 
degree with antibodies produced to heterologous strains. 

In man, infection may or may not result in the production of antibody detect- 
able by hemagglutination-inhibition and serum-neutralization tests. Man 
may or may not be refractory to a second exposure to the virus (Nelson e¢ al., 
1952). Reinfection has been reported within 3 or 4 months of the initial 
infection. Further complicating the problem are the nonspecific neutralizing 
substances that may be present in the serum of man. Howitt (1950) has 
described a heat-labile neutralizing substance found in many human sera. 
This substance is destroyed at 56 C. in 30 minutes, and it is also irreversibly 
fixed to filter paper upon which the serum has been dried. A second heat- 
stable substance that neutralizes Newcastle disease virus and inhibits the 
hemagglutinin is found in some sera. It is associated with the presence of 
neutralizing antibodies for mumps virus. Wenner, Jensen, and Monley 
(1952) contend that the substance may be partially inactivated by heating at 
56° C. for 30 minutes, and that, accordingly, it is not specific and is not an 
antibody shared by mumps and Newcastle disease. Evans (1955) utilized 
cross-adsorption procedures and found that, in human sera that neutralized 
both mumps and Newcastle disease virus, there were two possibilities: (1) 
Newcastle disease virus alone could adsorb what was Newcastle disease virus 
antibody, and (2) either the Newcastle disease virus or mumps virus could 
adsorb a Newcastle disease neutralizing substance. It has been shown repeat- 
edly that Newcastle disease antibody will not neutralize mumps virus, and that 
man or animals immunized against a single strain of mumps virus fail to pro- 
duce substances capable of neutralizing Newcastle disease virus. Nevertheless, 
such cross reactions are common during convalescense from naturally acquired 
mumps infection. Evans (1955) interprets this to mean that more than one 
strain of mumps virus exists, and that at least one of these has an antigen 
that is common or related to those present in some strains of Newcastle disease 
virus. One factor that had contributed to the controversy 1s the lack of uni- 
formity in the procedure by which the neutralization test is conducted. In- 
vestigators of the disease in birds have found that serial dilutions of virus and 
undiluted serum gave a sensitive and reproducible result, while the reverse 
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procedure, serial dilution of the serum with a constant amount of virus, was 
unsatisfactory. Evans (1955) demonstrated that the same situation holds 
for human sera in a neutralization test for Newcastle disease virus. While 
more sera are found to contain antibody, and while the titers are higher, the 
use of heat-inactivated, undiluted sera in neutralization tests for Newcastle 
disease virus does not, in all instances, result in the detection of antibody 
following exposure. 

There appears to be little question that, where an opportunity for contact 
with Newcastle disease virus exists, a considerable proportion of the humans 
so exposed will develop a transient conjunctivitis. Systemic infection of 
man may sometimes occur. The history of Newcastie disease in man, with 
its conflicting reports, gives ample reason for a questioning attitude toward 
systemic infection of man. Serology, while sometimes helpful, is undependable. 

Isolation of the virus is a difficult procedure for routine diagnosis, but it 
is much more meaningful than are serologic findings. Unfortunately, isolation 
also can be misleading for two reasons: 

First, spurious isolation may occur by contamination of the tissue under 
test with virus already present in the laboratory in which the isolation is being 
made. It is possible, but very unlikely, that the virus might be present in the 
eggs used for isolation. These problems can be avoided by taking adequate 
precautions in the selection of procedures and of materials, and by demon- 
strating that the virus can be reisolated from another aliquot of the original 
material. 

The second reason for doubt is the frequently inadequate attention given to 
the possibility of other concurrent infections, either bacterial or viral. For 
example, the common cold may be acting simultaneously with a specific 
Newcastle disease infection of the eye to produce what appears to be New- 
castle disease conjunctivitis associated with a generalized Newcastle disease 
infection. This objection can be answered only after study of many case 
histories reveals one or more consistent disease patterns associated with 
Newcastle disease infection. It is necessary that consideration always be 
given to the possibility that more than one clinical pattern of the disease, 
since there are many strains of Newcastle disease virus, and since they may be 
introduced by more than one route. Conjunctivitis only may occur when 
some strains of virus are introduced by splattering, while a generalized infec- 
tion may occur when other strains are introduced as aerosols. 

A diagnosis of Newcastle disease of man should be dependent upon a history 
of contact with the virus, a short incubation period, the development of con- 
junctivitis or, possibly, influenzalike symptoms, and the isolation of the virus 
under satisfactory conditions. 

Newcastle disease of man has been a minor occupational disease limited to 
the people employed in the production of chickens and eggs and in processing 
them for the market, and to those concerned with the diagnosis of the disease 
or the production of vaccine. The population at risk is rather sizable, as there 
are approximately 3,418,000 farms in the United States on which poultry are 
kept (1954 United States Census Report). This includes huge poultry estab- 


Hanson & Brandly: Newcastle Disease 595 


lishments on which several million chickens are raised each year to small 
flocks of less than 100 that are kept to supply the farmer’s wife with egg money. 
To this population of 7 or 8 million people who feed and water chickens and 
clean out chicken houses must be added the several hundred thousand people 
engaged in the processing of poultry, and a few thousand more employed in 
occupations in which the virus is handled. It should not be inferred that all 
of these people are at equal risk; almost all of the infections that have been 
reported have come from the two smaller groups which, however, are under 
much closer medical observation than the larger group. Every recorded 
instance of human infection has been an initial case, the transmission being 
from bird to man and not from man to man. 

The greatest importance of Newcastle disease is its cost to the consumer as 
reflected in higher prices for poultry products and in poorer quality of the 
product. The disease may or may not produce a high mortality in chickens, 
depending on the strain of the virus, the age and condition of the individual 
bird, and certain environmental factors. A strain of virus isolated in Texas a 
few years ago killed 9 out of 10 chickens, irrespective of age (Boney, 1951) 
Other strains have killed only 1 of 100 chicks a day old. 

A fallacy believed by many consumers is that the death of the chicken is the 
important loss to the producer, and that if the chicken survives the disease the 
producer does not suffer. Actually, when the disease does not kill, it usually 
affects the chicken by interrupting its growth and egg production and, some- 
times, by damaging the reproductive tract so that the hen lays eggs with poor 
shells and an inferior albumen (Biswall, 1954; Parnell, 1950; Knox, 1950). 

Interruption of growth for one week would mean added feed cost of 10 cents 
per bird. Such an increase could wipe out the margin of profit in broiler pro- 
duction and mean a net loss to the producer. Another factor adding to his 
loss is the increase in the number of culls that must be rejected from the 
dressing line. Interruption of egg production for 2 to 4 weeks is equally 
disastrous. To this is added the production of eggs that are downgraded and 
consequently sell for a lower price. All of these things are reflected in the 
amount of meat and eggs that are available to the consumer in the United 
States at a reasonable cost. 

The control of animal disease in the United States has progressed success- 
fully to complete eradication of but one poultry disease; namely, fowl plague. 
To date, there has been no serious discussion of an eradication program for 
Newcastle disease, or even of an organized control program. When the disease 
was first recognized in the United States an attempt was made to stay its 
spread by quarantine, but this approach was abandoned as vaccines came Into 
use. The disease is now found in all sections of the country In which poultry 
is raised. The incidence varies from year to year, but there is no evidence of 
retrenchment. Individual poultrymen attempt to protect their flocks against 
the infection by vaccination if the risk warrants it. This decision 1s based on 
the experience of the previous seasons and the current reports of the disease in 
the neighborhood. Vaccination adds about one or one and one half cents to 
the cost of producing a broiler. Ona national basis this would amount to more 
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than 4 million dollars exacted as a tribute to Newcastle disease in 1956, a year 
in which 474 million broilers were marketed. Newcastle disease will probably 
remain a serious problem for some time to come. The trend to larger and larger 
plants for the production of eggs and poultry and the increased concentration 
of these plants in selected areas increase the problem of air-borne infection. 
This increases the need for periodic vaccination, a requirement that is being 
met by the use of aerosol products requiring less labor in their administration 
than did the older methods. The direction is toward fewer men in the produc- 
tion of poultry products, but these individuals are exposed to aerosols of New- 
castle disease virus more frequently and over prolonged periods. 

Newcastle disease has been reported in many species of wild and domestic 
birds (Blaxland, 1951; Gillespie, Kassell, and Fabricant, 1950; Gustafson and 
Moses, 1953). The virus may become better adapted te sparrows or pigeons, 
and these birds could then serve as sources of infection to man. Whether 
such a virus would be more or less pathogenic for man is pure speculation. 
Burnet suggested in 1942 that Newcastle disease virus might be a potential 
human pathogen still in its avian form, since eventually it might, through 
selection afforded by frequent exposure, develop a mammalian form capable 
of perpetuation in man. Burnet has postulated that such a development from 
an avian form to a mammalian form was the origin of influenza. 
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SALMONELLOSIS: OBSERVATIONS ON 
INCIDENCE AND CONTROL 


By P. R. Edwards 


Communicable Disease Center, Public Health Service, Atlanta, Ga. 


In any discussion of the prevention of the transmission of a disease from 
animals to man, it is desirable first to establish the incidence of the condition 
in man and in the animal hosts from which it was transmitted. In the case 
of salmonellosis it is impossible to determine accurately the incidence of the 
condition either in man or animals. No systematic method of reporting sal- 
monellosis of animals has been established, and one must rely only on summaries 
of isolation and identification of causative agents that are dispersed throughout 
the medical and veterinary literature to estimate the frequency with which 
the bacteria occur among the lower animals. 

The difficulty of establishing the incidence of salmonellosis in man has been 
dwelt upon at length by Meyer' in his excellent monograph on food poisoning. 
Here it was pointed out that the summaries published annually by the National 
Office of Vital Statistics, Public Health Service, Bethesda, Md., were based 
upon woefully inadequate reporting from a minority of the states and that, in 
most instances, the etiological agents of food-borne infections were not deter- 
mined accurately. In spite of these deficiencies, one must rely upon these 
summaries for any estimate of the prevalence of Sa/monella infections in the 
United States. In TABLE 1 are listed the reported cases of typhoid fever and 
other salmonelloses for the ten-year period 1946 to 1955. It is apparent that, 
while typhoid fever gradually declined during this period, paratyphoid fever 
and other salmonelloses increased sevenfold. MacCready, Reardon, and 
Saphra’? observed a fourfold increase in incidence in Massachusetts from 1940 
to 1955. It is not possible to say what part of this rise represents an actual 
increase in the number of cases and what portion is due to more accurate diag- 
nosis and better reporting. Probably each factor has some influence on the 
figures which, inadequate though they are, demonstrate a growing awareness 
of the problem on the part of state health agencies. 

If one turns to outbreaks of salmonellosis and other food poisonings, the 
figures included in TABLE 2 may be extracted from the data compiled by Dauer 
and Sylvester.*~* Outbreaks of bacillary dysentery have been excluded for 
obvious reasons. Only 10 per cent of the recorded outbreaks were attributed 
to salmonellosis, and these included but 18 per cent of the cases of Salmonella 
infection reported for the corresponding years. On the contrary, outbreaks of 
staphylococcal poisoning reported were 4.5 times as numerous as outbreaks of 
salmonellosis. It is noteworthy that, insofar as can be ascertained from the 
publications, salmonellae were isolated in connection with each outbreak of 
salmonellosis reported, but in the 202 staphylococcal outbreaks reported for 
1954 and 1955, staphylococci were isolated from food, food handlers, or patients 
in only 20 per cent of the episodes. 

The data described above may be contrasted with the figures compiled by 
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TABLE 1 


ToTraL REPORTED CASES IN THE UNITED States, 1946 ro 1955 


Typhoid Paratyphoid and other salmonelloses 
1946 3268 723 
1947 3075 951 
1948 2840 882 
1949 2795 1243 
1950 2484 1233 
1951 2128 1733 
1952 2341 2596 
1953 2252 3946 
1954 2169 5375 
1955 1704 5447 
‘LTS LS ak BS VSO2 24,129 
TABLE 2 
Foop PoisoNING IN THE UNITED STATES: BY OUTBREAKS 
| Salmonella Staphylococcus Other* Total 
1953 21 81 84 186 
1954 26 100 126 sy 
1955 16 102 77 195 
Wnotala..2eae ssc 63 283 287 633 


* Including 236 outbreaks of gastroenteritis of undetermined etiology. 


TABLE 3 


Foop PoIsoNInG IN ENGLAND AND WALES, 1950 To 1955: By INCIDENTS 


Salmonella Staphylococcus Other* Total 
1950 2021 82 1876 3979 
1951 1668 65 1614 3347 
1952 2098 82 1339 3519 
1953 3114 LS py 2031 5277 
1954 3508 yey 2381 6016 
1955 | 5269 138 3554 8961 
biifalcet 42 A). 17,678 626 12,795 31,099 


* Including 12,464 incidents of undetermined etiology. 


the Ministry of Health of Great Britain®!° for the years 1950 to 1955 inclusive 
(taBLE 3). These figures represent incidents or episodes which are made up of 
outbreaks involving more than one family, family outbreaks, and sporadic 
cases. Food poisoning in all categories increased during the period illustrated, 
and in each year salmonellosis was responsible for approximately 50 per cent 
or more of the incidents. In contrast, staphylococcal poisoning comprised only 
2 per cent of the incidents, If one considers general outbreaks, family out- 
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TABLE 4 
Foop PoIsoNING IN ENGLAND AND WALES, 1950 To 1955: By INCIDENTS 


General outbreaks | Family outbreaks Sporadic cases Total incidents 
Salmonella.......... 920 1986 14,772 17,678 
Staphylococcus....... 303 182 141 io gee 
Otherness 1641 687 10,467 . 
‘Total eee 2864 2855 25,380 31,099 
TABLE 5 


OUTBREAKS PER 100,000 PopuraTIon: 1953-1955 


England and Wales | United States 
Sal LEG erates eis ae eae Lek; 0.042 
almonella | her 


SHG LOC OGGUS teers ciate at ee? rete | 0.4 


breaks, and sporadic cases separately for the same period, the data in TABLE 4 
are obtained. The proportion of staphylococcal incidents is greater among 
the general outbreaks than among family outbreaks and sporadic cases but, 
even when distinct outbreaks only are considered, Salmonella infections 
outnumber staphylococcal poisonings by 3 to 1. Furthermore, it is evident 
that the great majority of the former occurred as sporadic cases, a fact borne 
out by our own experience. 

Objection has been taken to the British data on the ground that workers 
in England were prone to ignore staphylococcal poisonings, and that only in 
recent years have British bacteriologists taken full cognizance of the disease. 
It is felt that these objections are based only upon the preponderance of 
Salmonella infections in the British reports. The data in TABLE 5 are pre- 
sented in confirmation of this view. From these data it is evident that more 
than twice as many outbreaks of staphylococcal poisoning per capita were 
reported in 1953, 1954, and 1955 in England and Wales as in the United States. 
Yor the same period, the per capita reports of outbreaks of salmonellosis were 
28 times as numerous as those in the United States. It seems very unlikely 
to me that the incidence of the two diseases in the two countries actually could 
be so different, particularly in view of the report of a committee of the Medical 
Research Council, London, England," that importation of egg powder from the 
United States added greatly to the problem of salmonellosis in Great Britain. 
Rather, it would seem that reporting of salmonellosis in England and Wales 
is much more complete than in the United States, and that only a small fraction 
of the outbreaks in the latter country are diagnosed and reported. Further- 
more, it must be remembered that sporadic cases and family outbreaks greatly 
outnumber the dramatic occurrences that draw the attention of the press and 
the public as well as of the agencies that deal with public health. It can be 
concluded only that endemic salmonellosis constitutes a considerable problem 
in the United States, as it does in other countries. 
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That salmonellae are widely dispersed and occur frequently among the 
various species of lower animals is evident from numerous reports in the 
literature. This statement applies not only to the host-adapted types (the 
so-called ‘‘primary salmonellosis” of many species) but to the nonhost-adapted 
types as well. Improved methods of isolation and identification have made 
the prevalence of the bacteria increasingly apparent within recent years. 
Not only do some types occur both in animals and man,!"!® but there is a 
distinct correlation between the presence of the organisms in lower animals 
and in the human population. For instance, Ranta and Dolman" noted the 
high incidence of S. thompson in man in western Canada, and Gibbons and 
Moore’ isolated many cultures of this type from egg powder produced in the 
same locality. Atkinson ef al.!* *° called attention to the frequent occurrence 
of S. bovis-morbificans in animalsand man in Australia. Neither of these types 
was found frequently in material from similar sources in the United States at 
the time the observations were made. Likewise, Kauffmann”! and Van Oye” 
have noted the presence of a number of rare and exotic serotypes in man and 
yarious animal species in the Belgian Congo, and Stewart and DeCapito” 
noted the similarity of types isolated from man and animals in the southeastern 
United States. Furthermore, dramatic increases in the incidence in both man 
and animals of serotypes previously seen very rarely or not at all in a given 
region often are observed. In the United States, S. heidelberg and S. blockley 
are excellent examples. Such a list of occurrences could be extended greatly, 
and the observations imply that there is a direct correlation between salmonel- 
losis of animals and man in any given locality, although the methods whereby 
the organisms are transmitted from animals to man and vice versa may vary 
from one region to another, depending upon sanitary facilities and habits of 
the populations. The literature dealing with, the presence of salmonellae in 
animals is so voluminous that it is possible only to mention representative 
observations that deal with the presence of the bacteria in animals used widely 
as food and in animals which, in one way or another, come into close contact 
with man. A, 

Ruminants. In many parts of the world Salmonella dublin is endemic in 
cattle and often has been transmitted to man through infected carcasses and 
milk. Bartel,24 Henning,?* *° Savage,” F ield, and McCall” have reviewed 
the literature pertaining to the transmission of S. dublin infection from cattle 
to man. Murdock and Gordon* noted the presence of S. dublin in the feces 
of 24.5 per cent of apparently healthy slaughter cattle from Eire, indicating 
the extent of the problem in certain areas. It 1s known that many healthy 
cattle are either temporary or permanent carriers of the bacteria, that large 
numbers of the bacteria are excreted in the feces, and that mastitis occurs 
occasionally in infected cows, resulting in the excretion of very large numbers 
of the organisms in the milk. Not only is S. dublin found in cattle, but prey 
Salmonella types also occur among them. Edwards, Bruner, and Moran, 
Collard and Sen,*! and Seeliger'® noted the occurrence of a variety of salmonellae 
in cattle, and Norton and Armstrong” described a milk-borne outbreak of 
S. typhimurium infection due to the presence of an infected cow in a dairy herd. 
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Bartel’! and Liitje* noted the frequent occurrence of S. typhimurium among 
cultures from adult slaughter cattle. As regards other ruminants, It 1s known 
that sheep frequently are infected with S. typhimurium and a variety of other 
types. 34-37 

Swine. For some time swine have been known to carry salmonellae, and 
the older European literature abounds in descriptions of mass outbreaks of 
S. choleraesuis infections in man due to the consumption of infected pork. 
However, it was not until Hormaeche and Salsamendi®: ** systematically 
examined the feces and lymph glands of apparently normal hogs that the 
number and variety of the bacteria in swine were realized fully. These ob- 
servations were amply confirmed by many workers.‘ Galton ef a/."' noted 
that isolations from swine in abattoirs were much more frequent than from 
animals on the farm, and mentioned the importance of the sales yard, the 
holding lot, and the abattoir in the spread of the organisms. 

Fowl. When one considers the extremely large population of domestic 
fowl and the frequency with which salmonellae are isolated from them": *:* 
birds probably constitute the largest single reservoir of these bacteria among 
animals. The isolation of salmonellae by Perelli-Minetti ef a/*® from 41.4 per 
cent of all turkeys presented for autopsy in California well illustrates the extent 
of the problem of salmonellosis in domestic fowl. From the results of a number 
of investigators! '8 47-5 jt is evident that the bacteria frequently are present 
in egg products. Salmonellae may gain entrance to eggs either as a result of 
ovarian infection or by penetration of the eggshell. The conditions under 
which penetration of the eggshell takes place have been studied by Stokes, 
Osborne, and Bayne,” who found that penetration did not occur in eggs stored 
at 10°C. or below. The frequent occurrence of the bacteria in processed eggs 
was attributed, by Solowey ef al.,** largely to contamination of eggshells. 
These investigators emphasized the desirability of using only clean eggs in 
processing plants. As long as cracked and soiled eggs that cannot be marketed 
as shell eggs are incorporated into dried and frozen egg products one can expect 
a high incidence of salmonellae in those products. 

Other animals. Dogs and cats have been incriminated as carriers of sal- 
monellae.***! In some instances direct transmission of the infections from dogs 
to man has been observed. Rodents long have been known to carry Salmonella 
enteritidis-and S. typhimurium, and for many years it was thought that rats 
and mice carried these types exclusively. It now is known that wild rats may 
carry a variety of serotype ® and that the types that are carried are largely 
the same as those found in the environment of the animals. 

Salmonellae occur also in insects and other cold-blooded animals, but it is 
not clear whether their occurrence in these animals constitutes a true carrier 
state or whether it is merely a response to their environment. From the 
data available on insects, it would seem that flies, long suspected as vectors of 
enteric infections, carry the organisms both on the exterior of their bodies and 
in their intestinal tracts, but only for a short period after exposure.**® = From 
the results obtained by Watt and Lindsay” in fly-control studies, flies are of 
less importance in the transmission of salmonellae than of shigellae. Cold- 
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blooded animals such as snakes," tortoises,” and ticks’ have been found to 
carry salmonellae, and Thomas” observed transmission from a tortoise to a 
child. Salmonellae also have been isolated from fish*® and from shellfish.*!: ® 
Evidence indicates that waters contaminated by man or animals were respon- 
sible for the presence of the organisms in these aquatic animals. 

Within recent years a number of studies of the presence of salmonellae in 
sewage-polluted waters of rivers and harbors and in wild fowl that inhabit 
these waters were undertaken in Europe.*® It was demonstrated that many 
river and harbor waters contained numerous salmonellae of a variety of types, 
and that many of these types also were present in gulls, terns, ducks, and other 
birds that inhabit these waterways. Flooding of meadows with these polluted 
waters led to contamination of the soil and the infection of domestic animals.*® 
The presence of salmonellae in the irrigation waters of the western United 
States also has been demonstrated repeatedly.” * 

Salmonellae in foods. It is evident that numerous Salmonella types are 
widely distributed throughout the animal kingdom. It is small wonder, 
therefore, that the organisms frequently are present in food products of animal 
origin. While it has been known for some time that salmonellae occasionally 
are present in meats, recent investigations have revealed their presence in an 
unsuspectedly high percentage of them. Holtz*® recovered the bacteria from 
3 per cent of 24,442 meat samples, and Walzburg*®® did so in 4 per cent of the 
samples of beef examined. Diageler and Kotter®® found salmonellae in 951 
samples of meats and other foods. Seeliger' recorded the isolation of a num- 
ber of Salmonella types from a variety of food products in Germany. From 
the publications of Cherry, Scherago, and Weaver” and Felsenfeld, Young, 
and Yoshimura” it was evident that salmonellae found their way into com- 
mercial meat products in the United States, but it was not until Galton, Lowery, 
and Hardy isolated the organisms from 23 per cent of the samples of fresh 
sausage and from 12.5 per cent of the samples of smoked sausage examined 
that the extent of the problem was fully apparent. The presence of salmonellae 
in eggs and egg products has been mentioned. That these organisms also can 
be found in dressed poultry is evident from the reports of Cherry, Barnes, 
and Edwards,“ Schneider and Gunderson,®® Browne,*® Galton ef al.,” and 
Mackel and Payne (personal communication). 

The transmission of salmonellosis from animals to man through contaminated 
animal food products has been recognized since the days of Gartner" and Base- 
nau.” The literature regarding the transmission of the infections from 
animals to man is so voluminous that it is possible to mention only a few ex- 
amples. The part played by beef in the production of the disease was reviewed 
recently by Clarenburg.'°° Trub and Schneider!’ noted 418 outbreaks of 
salmonellosis in Germany in 1951 and 1952, in many of which a variety of 
animal food products were proved to be vehicles of infection. Hauser, Treut- 
ing, and Breiffelh,!” Jones and Symons! and Premavesi'”” described out- 
breaks due to infected sausage, and the last-named author was able to trace 
the source of the infection to the swine from which the meat was derived. 


} } j ir 105 
The role of duck eggs in salmonellosis of man was reviewed by Clarenburg'”” 
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and by Lerche.!%* Clarenburg, Vink, and Noordhoff,!” and Miller! observed 
cases of salmonellosis due to duck eggs, and Yamamoto ef al.!°* incriminated 
goose eggs in the production of the disease. Hen eggs have been found to 
give rise to human infections,'"°" while frozen whole eggs were incriminated 
as a vehicle of infection by Newell!? and Newell, Hobbs, and Wallace.™ 
The widespread outbreak of S. montevideo infection in babies in the United 
States due to infected dried egg yolk was described by Abramson ef al.'!° 
Direct transmission from fowl to man by contact infection frequently has 
been noted Satter. 


The Role of Food Processing and the Human Carrier in Salmonellosis 


While salmonellae obviously are indigenous to many animal food products, 
the role of the human carrier and the processing plant in the contamination 
of the final product must not be underestimated. Clarenburg'®’ called atten- 
tion to the necessity of differentiating between intravital and post-mortem 
contamination of food products. Galton ef al.’ noted that salmonellae were 
found in carcasses in abattoirs with greater frequency than in swine on farms, 
and they emphasized the role of the abattoir environment and processing 
procedures in the spread of the organisms. Hardy and Galton''® also empha- 
sized the role of the processing plant in the spread of the bacteria. Schén- 
berg!”® cited the inadequate facilities extant in many abattoirs and suggested 
control measures to lessen the contamination of carcass meats. Browne*® 
and Galton e/ al.*’ found salmonellae widely distributed in poultry-processing 
plants. The bacteria were found on tables, trays, mechanical equipment, the 
hands of workers, animal carcasses, and edible viscera. The recovery of S. 
typhi, S. paraltyphi A, and shigellae from market meats by Floyd, Baranski, 
and El-Gannani™! obviously represents contamination from human sources. 
Outbreaks in which human carriers were responsible for the contamination 
of meat products have been described'**"”* at length. Felsenfeld and Young'?* 
reported that 26 of 56 outbreaks due to nonhost-adapted salmonellae, the 
sources of which were established, were caused by human carriers. The 
frequent occurrence of the normal human carrier has often been stressed.) 2: 15, 
*6, PT, PS Tn a large series of Salmonella isolations Edwards, Bruner, and 
Moran” noted that 29.6 per cent of the cultures from man were isolated from 
asymptomatic persons, while Saphra and Winter'® reported 15.5 per cent, and 
MacCready, Reardon, and Saphra? 21.9 per cent, of cultures from carriers, 
Saphra and Winter'® estimate the carrier rate in the general population at 0.2 
per cent while Savage™ cites the results obtained by the Public Health Labora- 
tory Service, London, England, in the examination of 9829 persons of whom 0.24 
per cent were carriers. In the series of cultures described by Galton and 
Hardy,'” no less than 63 per cent of the cultures of known origin were isolated 
from asymptomatic carriers. Inasmuch as many of these cultures were iso- 
lated from food handlers (Galton, personal communication) and since Galton 
and Quan"? and Galton and Hardy"! comment upon the frequency with which 
the organisms are isolated from food handlers, it becomes apparent that the 
carrier state in food handlers occurs much more frequently than in the general 
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population. It might be said that the carrier state is an occupational hazard 
of those persons who continually handle uncooked meats and carcasses. Car- 
riers occur among infants as well as among adults.’? 88 These nonhost- 
adapted salmonellae may persist in man for only a short time, or they may 
persist for very long periods.*: '® °° ‘Thomson™® found that the numbers of 
salmonellae excreted by asymptomatic carriers varied widely, but that the num- 
bers found per gram of feces sometimes exceeded those found in clinical cases. 
Direct transmission from man to man may occur without the intervention of 
food. This phenomenon has been observed frequently in infants in hospital 
nurseries who may contract infections from other infants or from asymptomatic 
staff members.!*: 8° Infection of babies at parturition by mothers has been 
observed repeatedly."-! It is well known that both clinical cases and the 
carrier state in adults may result from contact with clinical cases. 

Control. In any consideration of the control of infections due to nonhost- 
adapted types of salmonellae it is necessary to consider animal reservoirs of 
infection; excretion of the bacteria by human cases, convalescents, and carriers; 
the presence of the organisms in the environment; and the methods whereby 
they are transmitted among and between man and the lower animals. 

While there is a large reservoir of salmonellae in the lower animals, this 
situation can be expected to improve gradually. Tests for detection of the 
infections and methods of eradication are being studied in fowl and cattle. 
Progress has been made in the eradication of salmonellae from poultry flocks." 
44 Lukas and Bradford“* noted a 50 per cent decrease in the number of 
turkeys presented for autopsy and a decline in the rate of salmonellosis from 
41 per cent to 21 per cent in the cases examined. This decline was attributed 
to an agglutination testing program for S. typhimurium infection. Field” 
and Henning”* have studied the possibilities of the detection of S. dublin infec- 
tion by agglutination tests. While the elimination of salmonellosis from flocks 
and herds cannot be accomplished in the immediate future, it is encouraging 
that animal pathologists, particularly poultry pathologists, are thinking in 
terms of eradication of the infections rather than of their control. It must 
be admitted, however, that this attitude is dictated largely by economic 
considerations more than by regard for public health. In any effort to eradi- 
cate salmonellae from domestic animals it is necessary to take into considera- 
tion the continuous seeding of the population through infected feedstuffs. 
Galton, Harless, and Hardy™*® and Griffin'” have isolated salmonellae from 
animal feeds. Recently fish meal has been incorporated into many feeds, and 
this supplement is known to be a fertile source of salmonellae.'’ Rohde 
isolated ten different Salmonella types from one sample of Angola fish meal, 
and Boring’ repeatedly isolated the bacteria from fish meal produced in the 
United States. Unfortunate incidents have resulted from the addition of 
egg powder to feeds. It will be necessary to eliminate such sources of con- 
tamination if Salmonella infections are to be eliminated from flocks and herds. 

As regards dissemination from person to person, every effort should be 
made to prevent the spread of the organisms among the population through 
the excreta of clinical cases, convalescents, and carriers. As emphasized by 
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Grant!®® !5° this aspect of the problem is a joint responsibility of the practicing 
physician, the health officer, and the laboratory. Prompt isolation of patients 
with symptoms of intestinal infections and proper disinfection of their dejecta 
must be carried out until such time as a definite diagnosis is established. 
Contacts should be examined bacteriologically, and the strictest personal 
hygiene should be practiced within the household. Convalescents should 
be examined systematically until the bacteria no longer can be isolated from 
their excreta. Cheever!®! in particular has called upon the practicing 
physician to take a more active part in the control of the infections and the 
education of the general public. 

In the United States there is an unfortunate tendency no longer to require 
stool cultures in the examination of food handlers. When one considers the in- 
creasing incidence of reported salmonellosis, one must question the wisdom of 
such an omission. Without exception, all of the writers who have dealt with 
the problem of the prevention of salmonellosis have emphasized the necessity 
of stool examinations, and most of them have insisted that these be frequent. 
When one considers that salmonellosis has been transmitted through the 
medium of such foods as coconut,’® dried yeast,!** soya milk,'** and smoked 
fish'®® in which salmonellae are not indigenous, the role of the human carrier 
in the processing plant becomes increasingly apparent. The systematic and 
frequent examination of food handlers should extend not only to workers in 
food-dispensing establishments, but to those in food-processing plants as well. 
Any individual who exhibits any symptoms of intestinal infection should be 
prevented from handling food until it is established that pathogenic bacteria 
cannot be demonstrated in his stools. Considering the possibility of trans- 
mission of the infections through food, one cannot refrain from noting that 
it seems rather futile to require a blood test of food handlers for venereal 
disease, but to make no effort to determine the presence of pathogenic micro- 
organisms in their stools. 

The control of hygienic conditions in food-processing plants, as well as 
food-dispensing establishments, must be improved. Galton ef al.!! demon- 
strated that thorough and consistent cleansing of abattoirs and equipment 
resulted in a marked reduction in the recovery of salmonellae from carcasses 
and from the environment. It is probable that enforcement of the newly 
adopted poultry ordinance will result in an improvement of conditions in 
poultry-processing plants. Savagel® has suggested that the adoption of 
bacteriological standards for the control of abattoir and food-processing 
establisaments would be very helpful. Hardy and Galton" cite the success- 
ful adoption of coliform organisms as an index of pollution in dairy products 
and shellfish and, while calling attention to the need for proper concern for 
the bacteriological environment of meat-processing plants, these authors feel 
that such an index would be overly sensitive at present. MacCready, Reardon, 
and Saphra’ feel that an approach similar to that employed in dairy products 
should be applied to other products of animal origin, including fish and poultry. 
It must be remembered that food habits are changing rapidly in many countries, 
particularly in the United States. Food technology has made giant strides 
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within recent years, and Savage™® in particular has called attention to the 
removal of food preparation from the family kitchen to the large establish- 
ment. In many instances it seems that methods of control and measures for 
their enforcement have not kept pace with advances in food processing. 

More rigid control of products becomes even more important and practical 
when it is remembered that salmonellae may survive temperatures to which 
the food products that contain these organisms sometimes are subjected in 
cooking.!'» !°§ Since it is possible to pasteurize certain food products effec- 
tively’?! or to destroy salmonellae in them through a combination of acidi- 
fication and mild heating,!®® it would not seem unreasonable to adopt and to 
enforce bacteriological standards for such products. Furthermore, it is not 
uncommon for untoward incidents to occur in connection with the newer meth- 
ods of food preservation and preparation; these incidents may lead to the 
multiplication of organisms present in the food and, in some instances, to the 
contamination of previously cooked products. Large numbers of salmonellae 
have been found in turkey carcasses that had been frozen, thawed, and re- 
frozen and which, due to improper methods of preparation, gave rise to a severe 
outbreak of salmonellosis (Mackel and Payne, personal communication). 
Chicken carcasses that had been thoroughly cooked were contaminated during 
boning by persons who had prepared the raw carcasses.'*” These examples 
are cited only to call attention to the need of improved procedures and practices 
in the mass preservation and preparation of foods. 

All of the writers who have given serious thought to the control of salmonel- 
losis have arrived at similar conclusions. Grant,!®? Hinshaw and McNeil,'*° 
and Savage!’ all have published excellent reviews dealing with the epidemiology 
and control of salmonellosis. All are agreed that effective control can result 
only through the cooperation of governmental agencies dealing with health, 
agriculture, and food. Further, it is agreed that salmonellosis should be a 
reportable disease of both man and animals, and that effective reporting and 
control measures should be enforced. The responsibilities of the physician 
and the health officer, as well as of the practicing veterinarian, the veterinary 
officer, and the sanitarian are indicated. It is only through close cooperation 
of these individuals and the aforementioned governmental agencies, and 
through education of the public in the fundamental sanitary aspects of the 
preparation and preservation of foods, that control of the infections may be 
expected. 
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THE EXOTIC ZOONOSES 


By M. S. Shahan and J. Traum* 


Plum Island Animal Disease Laboratory, Animal Disease and Parasite Research Division, 
Agricultural Research Service, United States Department of Agriculture, Greenport, N. Y. 


According to Webster’s International Dictionary (second edition, 1953), 
“Zoonosis” is defined either as a disease communicable from animals to each 
other or to man, or as a disease due to animal parasites. In a broad sense 
this inclusive definition may be applied to almost any communicable disease 
of animals, regardless of whether it is transmissible to man. 

Despite this definition, the term zoonosis appears only once in the titles of 
other papers presented in this monograph. In some circles there seems to be 
a feeling of dissatisfaction with the various applications of this term. This 
attitude has been voiced in conversations, published papers,’ and discussions. 
In this paper the word zoonosis, when not otherwise qualified, is used to refer 
to disease of animals. 

It is not intended to develop a discussion on the use of the term itself, but 
it is believed desirable to call attention to a recent article by Wagener? in which 
he succinctly reviews the history, introduction, various applications, and 
modifications of and substitutions for the word zoonosis. Wagener’s own 
summary translated is as follows: ‘‘The present significance of zoonosis is 
investigated. The new words “‘anthropozoonosis” and “‘zooanthroponosis”’ are 
discussed with regard to the epidemiological value and the linguistic signifi- 
cance. In order to distinguish the pathogenic effect on men (man) and animals, 
diseases of animals, infectious for men (man) are zooanthroponosis (zooanthro- 
ponoses), anthropozoonosis (anthropozoonoses) are those human _ diseases 
which are infectious for animals.” 

In such a comprehensive monograph as this it is to be expected that there 
will be some degree of overlapping and duplication of the subject matter. 
Insofar as practicable, references to diseases covered by other contributors 
have been omitted in this paper. 

The importance of animals to human health has been expressed aptly by 
Middleton® as follows: ““‘When man domesticated certain lower animals for 
his personal comfort and gain, he assumed the obvious hazard of sharing 
their diseases.” So far as is known, however, animals are reservoirs of many, 
but far from all, of the diseases that affect man. On the other hand, man 
may be the primary source of some diseases transmissible to the lower animals. 

As pointed out by Shope,‘ there is good indirect evidence to show that 
swine acquired influenza from man in 1918. Ani outbreak of influenza virus 
infection in a ferret colony has been attributed to human sources. It appears, 
therefore, that man and his influenza viruses constitute a health hazard for at 
least these two species of lower animals. Another example is tuberculosis 
ol the human type which, on occasion, has complicated efforts to eradicate 
the disease in animals by means of the tuberculin test.® Except for occasional 
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transitory sensitization to tuberculin, infection with the human type of tuber- 
culosis is of little importance in cattle, although it may be so in some other 
species. 

As has long been known, and as again reported recently,® infection with the 
human type of Mycobacterium tuberculosis may, on rare occasions, persist for 
a long time in cattle, whether acquired through exposure to human cases or 
by experimental inoculation. Attempts to immunize cattle against bovine 
tuberculosis’: § by injecting them with the human type of tubercle bacilli 
usually result in establishment of nonprogressive lesions in one or more organs 
that are difficult to detect by the most careful autopsy. In a few instances 
it was found that the organism was shed in the milk for various lengths of time 
without showing detectable lesions in the udder. Under such conditions 
bovine infection with human tuberculosis would be dangerous to consumers 
of raw milk and could produce slight lesions in suckling calves or render them 
tuberculin sensitive. 

In contrast with these examples is rabies, primarily a disease of lower mam- 
mals, among which an increasingly greater number is being discovered as 
infected in nature. Between these two extremes lies a broad field of interest 
essentially common both to veterinarians and others concerned primarily 
with animal diseases and to physicians and public health officials fundamentally 
responsible for human health. Overemphasis of either of these basic interests 
can only be detrimental to both. Consequently, increasingly close cooperation 
among physicians, veterinarians, epidemiologists, and epizootiologists is 
indicated. 

Concerning possibilities of disease in man attributable to infection from 
animals, it may be stated that lack of proof of human infection with an agent 
known to be infectious for animals does not preclude the possibility of such a 
development to a greater or less extent at some future time. Vesicular stoma- 
titis, a disease that has occurred sporadically in North America and in portions 
of Central and South America for decades, affecting cattle, horses, and swine, 
has been found capable of producing an influenza-like syndrome in man. A 
few years ago this virus would have been classed generally as noninfectious 
for man. 

The specific character of infectious processes in man may be undetermined 
or even ignored, as in the case of animals. Also to be considered is the inter- 
esting hypothesis that any animal may be attacked by any infectious agent 
under appropriate conditions. 

The growing speed and extent of world-wide commerce and travel accentuate 
the danger of the introduction of new diseases, whether they be localized in 
certain regions or be widespread. From the broad international viewpoint, 
infection in any quarter of the globe potentially may be carried to any other 
portion. Diseases that are exotic or foreign to one area today may become 
epizootic or epidemic there in a very short time. A notable example is the 
1918 pandemic of human influenza. . 

Meyer and Hjarre (cited by Wagener’) report at least eighty diseases of 
animals that are transmissible to man. Of these only a very small number 
are of importance from the standpoint of public health. 
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In a 265-page booklet entitled Foreign Animal Diseases, compiled by a 
committee of the United States Livestock Sanitary Association, Trenton, N. J., 
twenty-six more-or-less important exotic animal diseases are listed as follows: 
African swine fever, Teschen disease, bovine infectious petechial fever, con- 
tagious bovine pleuropneumonia, East Coast fever, ephemeral fever, infectious 
infertility of cattle, lumpy skin disease, malignant catarrh, rinderpest, blue- 
tongue, contagious agalactia, enzootic abortion, louping ill, Nairobi sheep 
disease, sheep pox, scrapie, heartwater, nagana, Rift Valley fever, st reptothri- 
cosis, anthrax, foot-and-mouth disease, Venezuelan equine encephalomyelitis, 
fowl plague, and Newcastle disease. Of these, only seven (louping ill, Rift 
Valley fever, Venezuelan equine encephalomyelitis, foot-and-mouth disease, 
sheep pox, anthrax, and Newcastle disease) are listed as communicable to man. 

Anthrax and Newcastle disease are included in the list of foreign diseases 
referred to above, despite the fact that both are enzootic to the United States. 
Anthrax is probably included because of the incrimination of imported bone 
meal as the source of outbreaks in animals, and also because imported hides, 
hair, and wool are known to be responsible for anthrax in man. In 1952 
anthrax occurred extensively in animals in some areas of the United States, 
particularly in the Middle Western states. It is believed that at least one 
outbreak was caused by the feeding of imported bone meal containing anthrax 
spores. Since then the United States Department of Agriculture regulations 
have been amended to provide that only steamed or degelatinized bone meal 
is eligible for unrestricted entry. Such bone meal is commonly referred to as 
feeding bone meal. Other kinds of bone meal are required to go to designated, 
approved, industrial establishments for further processing before they are 
released. Bone meals that have been permitted unrestricted entry have 
been shown on analysis to contain not more than 2 per cent nitrogen and not 
less than 25 per cent phosphoric acid. Such analyses indicate that the bone 
meal has been processed by cooking at 250° F. for at least 1 hour under 20-lb. 
pressure, 

Newcastle disease of poultry, so called because of its appearance in the 
vicinity of Newcastle upon Tyne in England, was not recognized as such in 
the United States until about 1944. The disease had existed previously in 
California poultry for a number of years, having been identified by the patho- 
logically descriptive name pneumoencephalitis. This malady, recognized 
eventually as Newcastle disease, spread throughout the United States in a 
generally mild form, describing it from the standpoint of mortality. A wide 
range of species of birds is susceptible,’ and infection has been observed sporadi- 
cally in man, generally as the result of laboratory exposure.'’ Although 
immunologically indistinguishable, most strains of this virus in the United 
States may be differentiated from Asian and European strains on the basis of 
clinical manifestations, pathology, and mortality in inoculated birds. Out- 
breaks due to foreign Newcastle disease viruses have been eradicated by 
destruction of affected and exposed birds. 

Among the animal diseases there are numerous examples of infections that 
have been spread through normal traffic channels. Bovine pleuropneumonia, 
long a scourge in Europe, was introduced into the United States in the early 
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part of the nineteenth Century. Its prevalence here led to the establishment 
in 1884 in the United States Department of Agriculture of the Bureau of 
Animal Industry, which was given responsibility for control of this and other 
animal diseases. This disease was subsequently eradicated completely from 
the United States through slaughter of affected and exposed animals. The 
disease has been eliminated elsewhere from North and South America and 
Western Europe, but it persists in other parts of the world, especially in Africa 
and Australia. Although the causative organism, variously known as Astero- 
coccus mycoides, Bovimyces pleuropneumoniae, and Mycoplasma mycoides is 
not known to affect man, many so-called pleuropneumonia-like organisms 
(PPLO) have been discovered in cattle, sheep, goats, dogs, rodents, and birds, 
as well as in man, in various parts of the world.!'!8 The classification and 
nomenclature of this large group of organisms are not firmly established. The 
latest classification, based on recommendations of both E. A. Freundt and 
D. G. Edward, is used by Merchant and Packer.'® 

Glanders, primarily a disease of the equidae, was once rampant in the 
United States. This disease may now be classed as exotic to that country and 
to Canada, although it persists in many other parts of the world. Malleomyces 
mallei causes a serious, granulomatous, tuberculosis-like or ulcerative disease 
in man that is contracted directly from affected animals. Sheep, goats, 
dogs, and cats occasionally contract the disease naturally. A disease etiologi- 
cally and pathologically resembling glanders, namely, melioidosis, recently 
has been identified in sheep, goats, and pigs in the Netherlands West Indies.”* 
Infection due to the causative organism M. pseudomallei is said to produce 
infections in man chiefly in Southeast Asia. The presence of the disease, which 
causes polyarthritis, emaciation, and death, should be kept in mind in relation 
to suggestive unidentified infections of either man or animals. 

Bluetongue, a viral disease that affects sheep primarily and cattle occa- 
sionally, was believed originally to be confined to the African continent. Lately 
it has spread to other countries in the Middle East and has become a major 
problem in the United States. Insofar as is known, man is not susceptible to 
this infection. The disease is an example of what, a few years ago, would 
have been classed as exotic. 

Another example of a formerly exotic animal disease that has become 
established in the United States, presumably through importations of sheep, is 
scrapie. As compared with other viral diseases, there is an extremely extended 
incubation period in scrapie—18 months or longer in natural cases. This and 
its insidious nature result in major problems in relation to control and eradica- 
tion. The disease is not known to affect man. 

In Australia and the United States, at about the same time in the late 1930s 
an acute, febrile, human illness was given the name Q fever. The causative 
organism, Coxiella burneti (R. burneti), has been recovered from Dermacentor 
andersoni, Amblyomma americanum, H aemaphysalis humerosa, and H. bispinosa, 
and also from cattle, sheep, goats, and various species of wild animals. The 
organism, which is shed in milk, has been found unusually resistant to common 
methods of pasteurization. Once considered exotic to the United States, Q 
fever must now be classed as an indigenous disease of both man and animal.”! 
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Sheep pox (variola ovina) is an acute, highly lethal disease accompanied 
by formation of elementary bodies. It 1s a serious malady producing high 
mortality in Asia, Southwest Europe, and the Middle East. While it is a 
true pox in character, it also appears to be peculiar to sheep and has been 
reported to be distinct from goat pox. Evidence that man may be affected is 
scanty. : 

The arthropod-borne encephalitides have acquired major interest_ among 
epidemiologists and epizootiologists, particularly since identification of equine 
encephalomyelitis virus in California by Meyer and his associates.” Since 
this important finding, two immunologically distinct types of the virus, eastern 
and western, have been identified in the United States and elsewhere, particu- 
larly in the Western Hemisphere. A third immunologically different type, 
the Venezuelan, was identified in 1938.2 Fortunately this disease, in the 
strict sense an exotic zoonosis, has not yet been diagnosed in the United States. 
Man is susceptible to all three of these viruses. 

An endemic encephalomyelitis of horses and, possibly of other animals, 
commonly called Borna disease from a locality in Saxony where a severe 
epizootic occurred from 1894 to 1896, persistsin Germany. -It has a considerably 
longer incubation period than the encephalomyelitides known in the United 
States and is apparently distinct from them etiologically. It has not been 
reported to affect man. 

Rift Valley fever, sometimes called enzootic hepatitis, an acute, mosquito- 
borne viral disease of sheep and cattle, has not been identified outside of 
Africa, where it exists particularly in and near the Great Rift Valley. It causes 
abortions in animals and is highly fatal, especially to lambs. Shepherds, 
farmers, butchers, and veterinarians often contract the disease in the course 
of handling infected animals or carcasses. The disease in man, in whom it has 
an incubation period of 4 to 6 days, resembles influenza. The temperature 
curve resembles that of dengue or yellow fever. It is rarely fatal, but serious 
sequelae may occur." The virus has been isolated from 8 or more native 
species of mosquitoes of 2 genera, and experimental transmission has been 
accomplished with some species.?° 

Laboratory workers have repeatedly become infected with the virus, resulting 
in illness that cannot be considered inconsequential. While the disease has 
never occurred in animals in the United States or elsewhere outside of Africa, 
there have been a number of laboratory infections in the United States and 
other countries to which the virus was imported for study. Sabin and Blum- 
berg’® have reviewed cases that occurred in laboratories in various parts of the 
world, including at least 8 cases in the United States. In one instance neutral- 
izing antibodies were demonstrable 12 years after the attack. 

A previously undescribed virus” was isolated in 1954 and 1955 from cases 
of a disease resembling Rift Valley fever that produced abortions in ewes and 
high mortality in lambs in Wesselsbron, Orange Free State, Union of South 
Africa. Serum neutralization and complement fixation tests proved this 
virus to be antigenically different from representative strains of Rift Valley 
fever virus. In fact, the disease was identified in ewes previously vaccinated 
against Rift Valley fever. Neutralization tests of cattle sera collected rou- 
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tinely for testing for brucellosis in many parts of the Orange Free State demon- 
strated antibodies against the W strain of this virus. On the basis of unpub- 
lished reports, it seems that the virus is mosquito borne. It is important to 
note that during the course of study of the virus at the laboratory at Onder- 
stepoort, Transvaal, Union of South Africa, five of the six people engaged in 
the work became sick, but not critically so. However, muscular pain was 
experienced for a period of weeks. 

Louping ill, a viral encephalomyelitis, particularly of sheep and, occa- 
sionally, of cattle, has been known for more than a century in Scotland and 
northern England; more recently the disease has been diagnosed in the Union 
of Soviet Socialist Republics and Czechoslovakia. At times the disease pro- 
duces heavy losses. Serologically, the virus has been found to be related 
closely to that of Russian spring-summer encephalitis. Similarly, louping ill 
is tick borne, chiefly by Ixodes ricinus. While the sheep disease has never 
been diagnosed in the United States, several human infections have occurred in 
laboratories in the United States.>_ As in sheep, the disease in man is diphasic, 
beginning with viremia and concluding after various secondary nervous mani- 
festations. Natural infections among humans have also been reported.” *° 

Foot-and-mouth disease (FMD) is an acute, highly communicable disease 
affecting almost exclusively cloven-footed animals, both domesticated and 
wild. It is characterized by the formation of vesicles, followed by erosions in 
the mucosa of the mouth (including the tongue, lips, cheeks, gums, dental pad, 
and palate) and, sometimes, of the gastrointestinal tract. It affects particu- 
larly the rumen, the skin (especially between and above the hoofs), the dew 
claws, the teats, and the udder. 

Very few cases of FMD in man have been authenticated*! * and it has never 
become a public health problem except as the disease in animals may affect 
food supplies (milk and meat); it is mentioned here, however, because of its 
wide distribution and persistence in animals in Africa, Asia, Europe, and South 
America. From time to time it has occurred in practically every country, th 
has invaded the United States nine times since 1870, the last occasion being in 
1929. It was last eradicated from Canada in 1953 and from Mexico in 1954. 
The only major livestock-producing areas presently free of the disease are 
North America, Central America, Australia, and New Zealand. 

England has succeeded repeatedly in eradicating FMD, only to be reinfected 
through meat imported from infected countries, or 1n other ways from nearby 
Europe. In countries where the disease becomes epizootic there is an esti- 
mated loss of 25 per cent in productivity of cattle, swine, sheep, and goats, 
not considering deaths, which are usually 5 per cent or less, but may be much 
greater. 4 : : ; 

Although there has been a total of nine outbreaks of FMD in the United 
States, some very widespread, there is not one recorded, proved instance of the 
disease in man in this country. Vetterlein® has recently reviewed critically 
the cases reported from 1926 to 1954. He accepts a total of 21 cases as having 
been appropriately proved. Recently, Ratner el al." have described a very 
unusual lingering case in the Soviet Union from which type A virus was identi- 
fied. The virus is reported to have been obtained on the 25th and 159th days 
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from lesions on the foot, on the 172nd day from the saliva and, finally, on the 
178th day from saliva, from so-called dry lesions on the palms of the hands, 
and from the feces. The character of the lesions and the long duration of the 
illness are distinctly different from any previously described case. 

In addition to the diseases and agents previously referred to, mention should 
be made of others. . ae 

Discovery of yellow fever antibodies in man in regions in South America 
where Aedes aegypli were not universally present led to identification of the so- 
called jungle yellow fever, as distinguished from the classic urban type trans- 
mitted by that vector. Yellow fever antibodies have been found in various 
species of monkeys, other primates, and marsupials in these same jungle areas 
and, in the absence of A. aegypti, this type of the disease may thus be classed 
as a zoonosis that is exotic to North America. 

Because they are exotic to the United States, some other animal diseases not 
known to affect man, but recognized as serious livestock problems, should be 
mentioned. Perhaps the most important of these is rinderpest, or cattle plague, 
one of the most destructive of all animal plagues, which persists in Africa, Asia, 
and Eastern Europe. Except for a single occurrence in Brazil, the disease has 
never appeared in the Western Hemisphere. Although it is essentially a bovine 
disease, it sometimes affects other ruminants and swine. In many outbreaks 
mortality exceeds 90 per cent. There is considerable variation in susceptibility 
among various breeds and types of cattle. Accordingly, for immunization 
purposes, varyingly virulent virus is used after being adapted to chicken em- 
bryos, rabbits, or goats. Some cattle may be so highly susceptible as to require 
simultaneous administration of antiserum with even the most attenuated virus 
in order to eliminate losses due to attempted immunization. There is no evi- 
dence of human infections with this virus. 

So-called Teschen disease,”* a viral encephalomyelitis of swine, is reported 
to be quite widespread in Czechoslovakia, where it was first discovered about 
1929 near the town of Teschen, whence it has spread to other countries in 
Central and Western Europe. Some of the similarities between this disease 
and poliomyelitis have been explored, and there is apparently no relationship 
between the two viruses.*® 

African -swine fever’ is an acute, highly fatal, septicemic, viral disease of 
swine that symptomatically and pathologically closely resembles hog cholera 
or, as it is designated in many countries other than the United States, swine 
fever. The African disease is not known to exist beyond that continent. 
Present information indicates that, like hog cholera, the disease is not trans- 
missible to man. 

Wild bush pigs or wart hogs have been found to be symptomless carriers of 
the virus of African swine fever. Domestic swine frequently contract the 
disease through contact with such feral animals. Biologicals that protect 
against hog cholera have been found ineffective as preventives of African swine 
fever. Indeed, no effective means of prophylaxis other than avoiding contact 
with wild pigs or wart hogs and the eradication of affected domestic herds has 
yet been developed. 


The broad scope of the title of this paper would permit continuation beyond 
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the space allotted; however, the diseases omitted here or skipped over in a 
manner that may appear cursory are covered elsewhere in these pages. As 
has been pointed out by Hagan,** in addition to the human health hazard, 
animal diseases also affect the welfare of man through their serious economic 
effects. It has been estimated*® that in the United States, death losses among 
livestock from all causes in 1954 amounted to 1.5 million cattle, 2.5 million 
calves, 4 million sheep, 10.5 million swine, 235 million chickens, and 7.2 million 
turkeys. These figures do not reflect the whole toll, since they do not include 
losses in other species, feed, labor and capital investment, nor in untold num- 
bers of newborn animals. It is estimated that 20 to 35 per cent of the pigs 
born never reach weaning age. Internal parasites have been estimated to 
exact 400 million dollars annually from incomes from livestock. Some of these 
total losses involve diseases dangerous to man, but many do not. 

Before concluding, it is considered appropriate to mention an important 
aspect of the animal disease problem. On October 8, 1952, supplemented May 
12, 1953, notices were sent to laboratories, research institutions, and individuals 
studying animal diseases to advise that under regulations of the Department of 
Agriculture it is necessary to obtain authorization by the Secretary of Agri- 
culture for the importation and interstate transportation of certain animal 
disease organisms and vectors.** This notice, which was widely published in 
many scientific journals and other publications, directed attention to the in- 
herent danger of such movements and to the urgent need for precautions 
against the spread of animal disease. 

While the department has the responsibility for safeguarding our livestock 
and poultry by the prevention and control of domestic diseases as well as those 
of foreign origin, it is not the intention to interfere unduly with the normal 
movement of specimens to diagnostic laboratories and research institutions or 
the transfer of organisms and viruses indigenous to this country between re- 
search workers and laboratories. For example, permits are not required for 
the interstate transportation of members of the Pasteurella group, Salmonella 
group, Clostridium group, Newcastle disease virus of mild virulence, the viruses 
of such diseases as fowl pox, hog cholera, and swine influenza, or of canine 
distemper. Permits are required in advance for the interstate movement of 
such agents as Venezuelan equine encephalomyelitis virus, highly virulent 
strains of Newcastle disease virus, Plasmodium burghei, the viruses of blue- 
tongue or scrapie, vesicular disease viruses, and any other foreign animal disease 
viruses, organisms, or vectors that may have gained entrance into the United 
States accidentally or otherwise. Permits are required for the importation of 
any organisms or vectors that may transmit diseases to our animal and poultry 
population. ; 

It is evident that absolute protection against the introduction and dissemina- 
tion of foreign diseases is virtually impossible; however, every beasomable 
precaution should be taken toward this end. In order to protect the nation’s 
livestock industry, the Secretary of Agriculture is empowered to promulgate 
rules and regulations, which may be modified in accordance with changing 
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LISTERIOSIS: A POTENTIAL PUBLIC HEALTH PROBLEM 


By John F. Winn, William B. Cherry, and Elizabeth O. King 


Laboratory Branch, Communicable Disease Center, Public Health Service, Atlanta, Ga. 


Listeriosis is a little known, infrequently recognized, but widespread bac- 
terial disease of man and other warm-blooded creatures. The causative agent, 
Listeria monocytogenes, has been recovered from man, other mammals, and 
birds in the following countries: Australia,! Belgium,’ Brazil,*? Canada,’ Ceylon,” 
Denmark,® Germany,’ Uraguay,’ Austria,’ Argentina,!? England," Finland,” 
France,!’ The Netherlands," India,!® Israel,!® Japan,'? New Zealand,' Norway," 
Poland,’ Sweden,!® Switzerland,”° the Union of Soviet Socialist Republics,” * 
South Africa,?? Czechoslovakia,4 Turkey,?> and the United States.** This in- 
dicates that, geographically, this is certainly a ubiquitous organism. Many 
species of animals have served as host for the bacterium. Listeria monocylo- 
genes has been isolated most often from sheep,’ **?5 cattle, 7°? and man,*** 
but occasionally from foxes,** chinchillas,*° lemmings,* rabbits,’ swine,™ 
horses,'8 canaries,‘ hares,*? chickens,*: * goats,?? ducks,* geese,° eagles,*® tur- 
keys,” heath cocks,* dogs,’ ®° deer,*! cats,*! field mice, ferrets,** house mice,” 
voles,'® gerbils,?*> skunks,** and raccoons.®® Laboratory animals such as the 
white mouse** and guinea pig’> also have been shown to be susceptible to 
Listeria. 

Murray, Webb, and Swann isolated the organism in 1924 from laboratory 
rabbits with a fatal septicemic disease. Because of the monocytosis produced 
in this species, these investigators tentatively called the organism Bacterium 
monocytogenes.'' ‘Three years later Pirie found a similar disease in South Afri- 
can rodents that was caused by the same type of organism, which he called 
Listerella hepatolytica.* English investigators agreed to call the organism 
Listerella monocytogenes but, because this name is a homonym of a mycetozoan, 
Pirie suggested Listeria monocytogenes, which is now the accepted name.*” 

Morphologically, the organism is a Gram-positive, nonacid-fast nonspore- 
forming rod. There is a tendency for the organisms to arrange themselves into 
V’s or into a palisade formation when the smear is made from solid media. 
The bacteria stain evenly and are 0.5 to 0.6 by 1.0 to 2.0 u in size. Short, but 
sometimés long, threadlike chains may be observed in the rough phase of 
growth. Capsules are not demonstrable. Motility can be demonstrated in 
young (6-hour) glucose broth cultures, but is more pronounced at 25° C. after 
24 hours’ incubation. The peritrichously flagellated organisms have a char- 
acteristic ‘‘tumbling” motion. 

An interesting and important cultural characteristic of Listeria is its frequent 
failure to grow when cultured from fresh tissue. This unusual behavior may 
account, to some extent, for failures to diagnose listeriosis in human disease. 
It has been found that refrigeration of the original necropsy specimens and 
periodic subculturing will increase the number of isolations obtained. 

Listeriosis in sheep and cattle usually is recognized readily, and the etiological 
agent is frequently recovered without difficulty. The main clinical manifesta- 
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tions caused by Lis/erta in ruminants, swine, and men are meningoencephalitis, 
septicemia, and abortion. 

Since Nyfeldt isolated Listeria from humans with a disease indistinguishable 
from infectious mononucleosis,® numerous other cases have been re- 
ported.**: *: *° Listeria infections usually do not give a positive Paul-Bunnel 
reaction and produce a relatively high infant mortality, while infectious mono- 
nucleosis is usually benign, and the affected individual recovers without specific 
treatment. 

Conjuctivitis with or without mononucleosis is another manifestation of Lis- 
feria infection. This has occurred as a result of laboratory infection,’ and a 
granulomatous type has been reported in a group of poultry processors.°° 
The ability of Listeria to produce conjunctivitis in rabbits and guinea pigs 
makes it a useful diagnostic tool.’ 

Septicemia is probably the most commonly occurring form of listeriosis in 
man.*' The resulting involvement of the lymph glands and the reticuloen- 
dothelial system stimulates the production of monocytes, thus causing con- 
fusion in differentiating the disease from infectious mononucleosis. Monocy- 
tosis is not always present, and in these cases a fever, leukocytosis, and swollen 
liver and spleen are predominant symptoms. 

A disease of the newborn described as a granulomatous septicemia has been 
described by Potel.®: ® It is highly fatal to the infant but, curiously enough, 
it does not seriously affect the mother. Often the mothers deny any symptoms 
compatible with listeriosis. Thorough questioning frequently establishes some 
influenzalike symptoms a few days before occurrence of the abortion or pre- 
mature birth. Slight chills, slight lumbar pains, and a slight elevation of 
temperature usually are all that can be ascribed to the infection in these 
mothers. If the infants survive the first septicemic stage, they may develop 
meningitis.“ While the majority of Listeria meningitis cases occur in the 
young, it is by no means confined to children.*® Kaplan has listed numerous 
cases of meningitis due to Listeria, and many are in the adult age group. 

Therapeutic agents have been evaluated in both animals and man,” *) °° 
and the following assumptions can be made from the results obtained and 
reported in recent literature. The antibiotics of the tetracycline group are the 
drugs of choice for the treatment of listeriosis, but penicillin and the sulfon- 
amides in combination proved to be almost as effective. An excellent summary 
of human Listeria cases treated with various therapeutic agents has been pub- 
lished by Seeliger.*® The im vilro sensitivity test gives some indication of the 
agent of choice.” Certainly chemotherapy and antibiotic therapy have in- 
creased the odds in favor of recovery from malignant listeriosis when such 
treatment is begun early and with sufficient amounts to bring blood levels up 
to an effective listeriostatic or listeriocidal concentration. Untreated cases 
of meningitis, polyserositis, and overt septicemic disease usually are fatal. ms 

Vaccination of animals against listeriosis has been attempted.” *! The 
results of these trials have not met with any great degree of SUCCESS. The 
economic value of sheep and cattle populations, together with public health 
considerations, indicate strongly that these investigations should be continued. 
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Whether or not an infectious disease constitutes a public health problem 
depends upon its appearance within a population, the severity of the disease, 
and the nature of its epidemiology. Therefore, by definition, listeriosis con- 
stitutes such a problem because we do not know its frequency of occurrence, 
nor do we understand the epidemiology of the disease. We do know that it 
occurs frequently in livestock, that it is often fatal to both animals and man, 
and that its role in human infections requires clarification. 

The geographical distribution and host range of the disease have been men- 
tioned. Other factors such as season, sex and age distribution, persistence, 
and serotypes are of interest in solving the problem. 

There is a definite seasonal distribution in animal infections.”® *7*°7! The 
greatest number of cases occurs during the winter and spring months. It 
would appear that this is not true of human infections. Listeria cultures re- 
ferred to the Communicable Disease Center laboratory for identification or 
verification were slightly more numerous during the cool months. A break- 
down by months gives the following figures: January, 8; February, 2; March, 
6; April, 4; May, 4; June, 3; July, 4; August, 4; September, 6; October, 10; 
November, 7; and December, 7. Case reports published*®: *: 3587, 6, 68, 2 thag 
give the dates of admission to the hospital show the following distribution: 
January, 0; February, 3; March, 0; April, 0; May, 1; June, 0; July, 0; August, 
3; September, 2; November, 1; and December, 1. 

It is possible that neither the sex distribution nor the age distribution of the 
disease in animals and man is significantly different. It must be emphasized, 
however, that in human infection mothers frequently have no definite symptoms 
pointing to listeriosis and, consequently, may be overlooked as a source of in- 
fection for the infant. It may be that sex does not influence the course of the 
disease, but that age is a factor in determining whether the course of the disease 
is fatal; that is, the younger the animal or human, the less favorable the prog- 
nosis. The sex distribution of listeriosis in livestock is influenced by husbandry 
practices. For example, the number of male animals employed usually is 1 
bull for 25 to 50 cows and 1 ram to 25 to 35 ewes. Therefore, the small num- 
ber of cases in noncastrated male animals is easily explained. 

Direct contact seems to play a part in the spread of infection among animals. 
Those animals that shared a common feed rack, but that were separated by a 
fence frony infected animals did not become infected, while those in the same 
pen did become diseased. Attempts to recover the organism from straw, litter, 
drinking water, and feed were unsuccessful. However, it was found that 
Listeria could survive for long periods of time under “barn” conditions. The 
shortest period of survival was six weeks on straw and wood shavings, and the 
longest time was twenty-six weeks on rabbit-food pellets2” Other studies 
have shown that it is possible to infect animals through seeding their drinking 
water with cultures of Listeria? 

Human infections, while usually sporadic, have occurred as epidemics. The 
exact mechanism of spread, other than by direct contact, was not apparent, 
Listeria monocytogenes was recovered from the blood and also from the throat 
washings of 8 of 26 individuals with overt illness. The possibility that human 
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spread might be venereal in nature cannot be overlooked. Listeria has been 
recovered from the urethra of some young adult males,” and we must not for- 
get that the meconium of infected prematurely born infants is swarming with 
Listeria, and that isolations have been made from the placenta, the cervix, 
and the vagina of human and animal females.” *!; 4 §) 76 

Two recent reports of human infections following direct contact with ani- 
mals moribund with listeriosis strongly suggest that this mode of transmission 
is possible.”* 7 It may be, however, that the source of infection for the indi- 
viduals concerned was common to both the livestock and the animal husbandry- 
man. 

Nonpasteurized milk may contain Listeria."* Seeliger points out that in 
East Germany, where milk was still being rationed in 1955, unpasteurized 
milk was frequently illegally purchased directly from farmers. Human cases 
of listeriosis are frequent in this area, as are animal infections. The sale of 
unpasteurized milk on the black market may be a source of infection for hu- 
mans.** 

Another interesting observation was a number of cases among shoe repair- 
men“ These individuals might have become infected from the dirt and 
manure brought in on shoes to be repaired. One can speculate that in this 
instance the disease was contracted via the airborne route by means of the 
dust created during the repair process. It is entirely possible that unclean 
hands could have contaminated food eaten by the individuals, or that tacks, 
customarily carried in the mouths of repairmen, might be a means of spreading 
contamination. 

There are four serotypes of Listeria, and among these are several biotypes.” 7° 
All serotypes and biotypes can and do attack man, poultry, and mammals. 
Serotype 4 has been divided into 4a and 4b.4° The most prevalent serotypes 
are 1 and 4b.*° There does not appear to be any association of serotypes either 
to the species of animal or to the clinical type of disease. The primary value 
of serotyping and biotyping is for epidemiological purposes. For example, 
serologic surveys show more rural children with agglutinating antibodies than 
are present in urban children.” 

Agglutinating antibodies against Listeria differ in amount. For example, 
Lang demonstrated that about 65 per cent of several hundred children 3 to 10 
years of age had antibodies against somatic or flagellar antigens, with titers 
ranging from 1:40 to 1:160. Only one third of older children had such titers.*" 
The specificity of agglutinating titers is open to question, since some sera spon- 
taneously agglutinate antigen, and Listeria shares antigens with other bacteria 
such as the staphylococci and Streplococcus fecalis.™ This being the case, 
agglutinating titers must be interpreted with caution and, preferably, compared 
with another type of serologic test, using a different antibody system such as 
the complement fixation test. ; 

The identification of any organism found in the spinal fluid or blood ot pa- 
tients is desirable; likewise, cultures from necropsy specimens should be identi- 
fied. Listeria cultures are sometimes discarded because the bacteriologist, 
being unfamiliar with the organism, occasionally considers it to be a diphtheroid 
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contaminant. Sometimes, especially in smears of centrifuged spinal fluid, 
Listeria will decolorize or stain unevenly, and this may lead to confusion with 
Hemo philus influenzae. 

Listeriosis isnot a reportable disease, and most cases are made known through 
scientific publications, but three human cases were nevertheless reported through 
the weekly Morbidity an1 Mortality Report of the National Office of Vital Sta- 
tistics, Washington, D. C., during 1956. Eighty-three cultures, isolated mostly 
from the spinal fluid or blood of humans, have been received by the Communi- 
cable Disease Center laboratory for identification since 1950: in 1950, 5; 1951, 4; 
1952, 3; 1953, 4; 1954, 6; 1955, 17; 1956, 27; and (through July) 1957, 17 cul- 
tures. By states, Louisiana has sent in 24; Georgia, 6; Illinois, 5; North Caro- 
lina, 5; Maryland, 4; Florida, 4; New York, 3; Missouri, 3; Pennsylvania, 3; 
Washington, D. C., 3; West Virginia, 2; Michigan, 2; Texas, 2; Virginia, 2; 
Tennessee, 2; and Alabama, Oklahoma, Washington, New Mexico, Rhode 
Island, California, Indiana, and Ohio, 1 each. 

The numbers of animal cases reported to official agencies and compiled by 
the Communicable Disease Center are as follows: 1954, 837; 1955, 668; 1956, 
601;and (January through June) 1957,411. Some of these represent individual 
herds rather than isolated cases, so the number of animals affected exceeds 
these figures. The totals, by month, verify the fact that this is a winter and 
spring disease in livestock. Seventy-two and two tenths (72.2) per cent of 2106 
reported cases occurred during winter and spring. These reports represent a 
fraction of the actual occurrence of the disease in livestock and humans, for 
only 10 of the 48 states have sent in information. This is a reflection on the 
interest in and the facilities for both diagnosis and reporting. 

We may conclude, therefore, that listeriosis is a public health problem in the 
United States and elsewhere. It is necessary that the physician and medical 
bacteriologist be constantly aware that Listeria is widespread, that the pre- 
mature iniant and the aborted fetus may be due to a congenitally acquired 
agent that does not always manifest itself in an overt illness of the mother, 
that all ages and both sexes are susceptible, that animal contact is not neces- 
sarily a factor in the epidemiology of listeriosis, that the older the individual 
the greater is the chance of survival from this particular disease, except in the 
ages 60 years or more, and that the tetracyclines are efficacious in the treatment 
if started early. 
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THE PUBLIC HEALTH IMPORTANCE OF ANIMAL TUBERCULOSIS 


By R. J. Anderson 


Communicable Disease Center, Public Health Service, Atlanta, Ga. 


Although tuberculosis is common to a wide range of animals, mammals, 
birds, and even fish and reptiles, only cattle are important hosts where human 
health is at risk. Tuberculosis in swine is a problem to the farmer, to be sure, 
for his hogs may be condemned at slaughter as unfit for human consumption, 
Pet animals sometimes have tuberculosis, but the likelihood of their transmit- 
ting it to human beings is rather remote. Since cow’s milk is a staple of the 
diet in the United States, however, the bovine type of tuberculosis, which 
humans can contract by ingesting milk from tuberculous cows, has long been 
a concern of public health in this country. 

The control of tuberculosis in cattle has had a remarkable history in the 
United States. Controversy surrounded the advocacy of tuberculin testing 
and slaughter of reactors forty years ago. There was both skepticism about 
the communicability of bovine tuberculosis to animals or to man and a wide 
belief that the destruction of tuberculin-reacting cattle would be ruinous to the 
agricultural economy. In spite of these obstacles the proponents of tuberculin 
testing and slaughter of reactors were able to establish a national campaign 
in 1917, supported by a congressional appropriation. The campaign rapidly 
grew to full force and, in the ensuing forty years, hundreds of millions of cattle 
have been tested and the reactors destroyed. 

The success of this work in reducing the percentage of tuberculin reactors 
among cattle tested is a matter of record. From a high of almost 5 per cent 
in 1918, reacting cattle reached a low in 1952 of 0.11 per cent. Slightly higher 
rates in recent years (0.15 per cent in 1956) are attributed to more aggressive 
attempts to find sources of tuberculosis by tracing reactors to their herds of 
origin and testing those herds. Even 1.5 reactors per 1000 cattle tested con- 
stitutes a very low rate compared with those found in many other areas of 
the world. In some countries the control of bovine tuberculosis is only begin- 
ning. 

As the practice of pasteurizing milk has become more widespread it has given 
added protection to the population against exposure to bovine tuberculosis. 
Today about 95 per cent of the milk consumed by the urban population of the 
United States is pasteurized. Nine states and 64 cities require pasteurization 
of the milk that is sold in their jurisdiction. 

The effect of these programs in lowering the prevalence of bovine tubercu- 
losis in humans is difficult to measure. Statements that the bovine type of 
tuberculosis now plays an insignificant role in this country are common in 
current medical literature, but no data are available to substantiate them, 
because presence of the causative strain of bacillus is not required in tuberculo- 
sis reporting in the United States. In the 1920s and 1930s a number of authors 
studied the relative frequency of bovine infection and reported widely ranging 
percentages in the various groups of patients. In discussing B. Millers’ sum- 
mary of the literature up to 1927, from which he found that 11.1 per cent of 
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2227 cases studied by various authors were due to bovine infection, Rich! 
points out that such a composite must be considered in light of the fact that 
the incidence of bovine infection varies widely from area to area, that it has 
been greatly reduced in some places since 1927, and that studies usually have 
been made where there was some reason to believe that the incidence of bovine 
infection was high, a set of conditions that would tend to inflate the figures on 
bovine infection. Since the United States has always had a lower rate of 
tuberculosis in cattle than most of the rest of the world, application of Mdllers’ 
11.1 per cent or of Price’s 10 per cent (based on a 1939 study of 18,000 cases 
reported in the literature from all over the world)’ would be inappropriate 
here. 

Since bovine infection affects children more often than adults and usually 
lodges in parts of the body other than the lungs, deaths from extrapulmonary 
tuberculosis among children are often used as a rough index of the incidence 
of bovine infection. Price? points out that the reduction in mortality from 
extrapulmonary forms of tuberculosis parallels the eradication of tuberculosis 
in cattle. Such a parallel, however, is less convincing when one considers 
that the reduction in mortality from extrapulmonary forms has also paralleled 
the reduction in mortality from pulmonary tuberculosis. In the absence of 
exact data, the question of whether we have less tuberculosis of the spine, bones, 
and joints and less scrofula in the United States because of the control of tuber- 
culosis in cattle, or because of factors that have brought about lowered pul- 
monary tuberculosis death rates, remains a matter of speculation. Better 
social and economic conditions and control measures such as more aggressive 
case-finding, the isolation of patients in sanatoria, and better medical care, all 
would certainly be expected to bring about a decline in the incidence of the 
nonpulmonary, as well as the pulmonary, forms of the disease. 

I do not wish to give the impression that I am minimizing the importance 
of the excellent work that has been done in the United States to eradicate 
tuberculosis in cattle. I do believe, however, that we are now at a point where 
assessment of its public health importance is in order. Consideration of the 
situation raises these challenging questions for both medical and veterinary 
epidemiologists. To what extent are bovine-type tubercle bacilli infecting 
humans and causing disease in them? What is the source and the mechanism 
of transmission? Is the program of eradication of tuberculosis in cattle to be 
justified in terms of its effect on human tuberculosis, or is its importance related 
chiefly to the agricultural economy? Indeed, is a program that 1s sufficient 
for the agricultural economy adequate for the control of human tuberculosis? 
What indices are valid for decisions about the relaxation, cessation, or intensl- 
fication of present programs? 

When a disease is fairly widespread, effective control programs can be based 
upon empirical judgments of where disease exists and how much of it there 
is. With success in lowering prevalence comes the necessity for focusing efforts 
directly on the remaining problem in order to use control facilities economically. 

Our first question is perhaps the most important. To what extent are 
bovine-type tubercle bacilli infecting humans and causing disease in them? 
The culturing and strain-typing of bacilli are now routine practice In many 
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tuberculosis hospitals and clinics, especially in connection ae See: of co 
atypical acid-fast bacteria (the so-called “yellow bacilli and perce 
organisms) that are being recovered in many cases diagnosed as tubercu osis. 
However, since both tuberculosis hospitals and public health clinics are con- 
cerned chiefly with pulmonary disease, even when routine typing 1s done it 
probably can give little information about the extent of bovine infection. 
Canvassing of general hospitals, children’s hospitals, and physicians such as 
orthopedists or dermatologists, who may encounter tuberculosis of the bones 
or skin, would be a necessary additional productive line of inquiry. In every 
case where bovine bacilli are isolated, thorough investigation of the source of 
infection might uncover otherwise unsuspected remaining reservoirs of the 
disease or throw light on the mechanism of transmission and on the significance 
of cattle infection for humans. 

From a practical standpoint, this type of investigation would be most appro- 
priate in communities where tuberculin testing of cattle is sporadic. Objective 
review of the figures on cattle testing by states suggests that there is consider- 
able variation in coverage, both geographically and in point of time. Further- 
more, in many rural areas where dairy farming is not the major emphasis of 
agriculture, families customarily keep one or several cows to supply their own 
needs. How often are these “‘family cows” tested? Is their milk customarily 
pasteurized before the family drinks it? It seems to me that the possibility 
that bovine tuberculosis is still harbored in such areas would bear investiga- 
tion, not only through examination of hospital records and inquiry about 
physicians’ experience, but also by use of the tuberculin test on the children 
in such areas. By and large, human tuberculin sensitivity has been found to 
be low in the rural districts of the United States, as we should expect from the 
fact that fewer cases of disease are found there. However, some children 
in almost every rural area do react to tuberculin, and it would seem both prac- 
tical and profitable to investigate carefully their opportunities for exposure 
to bovine infection. 

In any discussion of bovine tuberculosis the suggestion always arises that 
this form of the disease occurs more often than we think, and that it goes un- 
recognized. The occasional instance in which bovine tuberculous infection 
of the gastrointestinal or genitourinary organs is diagnosed raises in the epi- 
demiologist’s mind the question, are other cases occurring that are never diag- 
nosed accurately? Are we so unsuspicious of the existence of bovine infection 
that we fail to notice it? Does it produce subclinical illness that rarely re- 
ceives medical attention? This, too, is a matter not for speculation or for 
argument, but for investigation. The tuberculin test and history of possible 
exposure to bovine tuberculosis could, perhaps, provide leads in the differential 
diagnosis of obscure abdominal complaints. 

The public health importance of animal tuberculosis, it seems to me, cannot 
be measured with the information we now have. We think that bovine tuber- 
culosis in humans is rare. The cases that have come to the attention of the 
Communicable Disease Center since 1950, cases confirmed by laboratory 
study, can be counted on the fingers of one hand. However, this communi- 
cable disease, which exists in animal hosts closely associated with man, does 
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not announce itself in sudden, dramatic onset, but often develops slowly and 

can go unrecognized for long periods. Its public health importance must be 

evaluated by some means more definite than opinion. The relatively much 

greater prevalence of tuberculosis of human origin overshadows and obscures 

the absolute indices of the extent of bovine tuberculosis infection. This denies 
to us the use of the mass of data on tuberculosis in humans that is readily 
available in assessing the present-day importance and nature of bovine-type 
infection. Weare therefore forced into specific inquiry, if such is our objective. 
In the history of any disease-control program, particularly those directed 
against widespread infections, the later phases, during which eradication is 
almost in sight, often present unusual difficulties. In the beginning, when a 
method of control is first available, enthusiasm is high, and this enthusiasm 
will continue as long as the method produces demonstrable results. As the 
problem diminishes, control measures may either be neglected or be carried 
/ on routinely without critical examination of their effectiveness. Too often, 
re-evaluation and remeasurement of the problem and of the methods in use 
against it remain long overdue. I suggest that the time is ripe for such a re- 
evaluation of the public health importance of animal tuberculosis. 
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RECENT DEVELOPMENTS IN ANIMAL RINGWORM AND 
THEIR PUBLIC HEALTH IMPLICATIONS 


By William Kaplan, Lucille K. Georg, and Libero Ajello 


Communicable Disease Center, Public Health Service, Atlanta, Ga. 
INTRODUCTION 


The ability to break down keratin is an important characteristic of the 
dermatophytes. J vivo, these fungi are parasites of the keratinized tissues 
of the body, such as the epidermis, the hair, and the nails, and they produce 
alterations of the structures invaded. These alterations, together with attend- 
ant immunological reactions, are clinically classified as ringworm. 

Both man and the lower animals are susceptible to infection by ringworm 
fungi. However, the individual dermatophyte species show varying degrees 
of host specificity. Some are parasites of man, and these rarely, if ever, in- 
fect lower animals; others are primarily animal pathogens that are found to 
produce human disease on occasion. ‘Thus, on the basis of host preference or 
host adaptation, the ringworm fungi have been divided into two groups. In 
one category have been placed the human pathogens or anthropophilic organ- 
isms and, in the other, the animal pathogens or zoophilic dermatophytes. 
While it is true that some of the human and animal pathogens have been re- 
covered from the contaminated environment of infected hosts'* such apparent 
saprophytism appears to be secondary to their parasitism of man or animals. 
Until recently, nearly all of the known dermatophytes have been placed in 
one or the other of these two groups. 

Recent findings, however, point to the necessity of establishing still another 
category of dermatophytes, one that would draw its members from among the 
keratinophilic soil-inhabiting fungi that have the ability, under certain con- 
ditions, to invade the keratinized tissues of human and animal hosts and there 
to produce disease. Members of this group are essentially saprophytes and, 
probably, serve along with other keratinophilic organisms in the microbiological 
breakdown in soil of keratin into simple elements. To date, only two species, 
Microsporum gypseum* ° and Keratinomyces ajelloi**’ have been demonstrated 
to belong in this third category. Thus, from an epidemiological standpoint 
it is logical, at this time, to consider the existence of these three groups of ring- 
worm fungi: the anthropophilic or “human-type” organisms, the zoophilic 
or “animal-type”’ organisms, and the “‘geophilic” or soil organisms. 

Members of the three groups of dermatophytes are involved in human dis- 
ease, and each type presents distinct public health problems. As might be 
anticipated, the vast majority of ringworm infections in man are caused by 
anthropophilic organisms. Such conditions as ‘“‘athlete’s foot,’? and ringworm 
of the groin and nails are common conditions affecting large segments of our 
population. They are caused by anthropophilic dermatophytes, and animals 
have not been shown to play a role in the epidemiology of these diseases. How- 
ever, if one excludes these common infections and considers only ringworm of 
the exposed parts of the body, such as the scalp, face, neck, and extremities, 
then the zoophilic organisms appear as important contributors to human 
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morbidity.’ In the rural population of the United States it is estimated that 
approximately 70 to 80 per cent of fungus infections involving the exposed 
parts of the body are caused by zoophilic dermatophytes, with animals serving 
as vectors of these diseases. In the urban population it is estimated that 10 
to 30 per cent of such infections are produced by zoophilic dermatophytes, 
with animals playing the role of vectors of infection. 

It is evident that animal ringworm presents definite public health implica- 


tions. Recognizing the importance of this problem and the many voids in 
our over-all knowledge of this entity, the Mycology Laboratory, Communicable 
Disease Center, Chamblee, Ga., in cooperation with the Veterinary Public 


Health Section of the Center, initiated a long-range animal ringworm study 
in 1953. An integral part of this study is a survey’? to determine, among other 
things, the fungi involved and the prevalence of these infections in our lower 
animal population. This survey has been conducted with the cooperation of 


veterinarians from all parts of the United States who submit clinical materials 
- from animals with skin lesions for mycologic study. In addition, a companion 


survey was carried out on wild animals trapped in southwest Georgia by per- 
sonnel of the Newton Field Station of the Communicable Disease Center. 
It is noteworthy that the wild animals did not show any manifest cutaneous 
abnormalities at the time the specimens were collected. 

The purpose of this report is to present and to discuss our findings in these 


studies for the 18-month period from January, 1956 to June, 1957. 


MATERIALS AND METHODS 


The clinical materials received for study consisted of hairs and/or skin scrap- 
ings. Upon arrival at the Mycology Laboratory each specimen was examined 
under a Wood’s light for evidence of fluorescence. This procedure was fol- 


lowed by a direct microscopic examination to detect the presence of dermato- 


phytes. The microscopy was carried out in 10 per cent potassium hydroxide 
mounts. Each specimen was then cultured on a special selective isolation 
medium! containing the antibiotics cycloheximide,* penicillin, and strepto- 
mycin, and incubated at room temperature (25° C.). For the isolation of 
Trichophyton verrucosum the medium was enriched with thiamine, and cul- 
tures held at 37° C.2 The cycloheximide was omitted from the medium for 
the isolation of Trichosporon cutaneum since that organism was found to be in- 
hibited by this antibiotic. Each specimen was inoculated into a minimum of 
three tubes of media, and all cultures were held for one month before report- 


ing any as negative. 
RESULTS 
Domestic Animal Ringworm Study 


As noted on TABLE 1, during the period covered by this report specimens 
from 2361 domestic animals with skin lesions were examined. These materials 
were submitted by veterinarians from 35 states in all sections of the country. 


* Actidione, manufactured by The Upjohn Co., Kalamazoo, Mich. Trade names are 
used for identification purposes only. Mention of them does not constitute an endorsement 


by the Public Health Service. 
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TABLE 1 . 
Domestic AntmaL RinGworm SuRVEY, JANUARY 1956 To JuNE 1957: 
DERMATOPHYTES ISOLATED BY Host SPECIES 


Organisms isolated 
a | 3 = SiG Total Per cent 
ined gas SS ss Ss S28 SS] 58 = 22> 28 
So tS a are es ev? fey Reig = 

| } 
Dog 1659 | 252 | 68 | 1 1 41 if 3s 368] 22.1 
Cat 524 | 193 4 3 200} 38.1 
Cattle 58 29 29) 50.0 
Horse 56 Devel 4 18 32 
Monkey Dall 10 4 | | 4 15| 71.4 
Chinchilla 12 1 2 3] 2528 
Guinea pig 9 6 6) 66.0 
Rabbit 8 0} 0.0 
Donkey 2} Tb ae 2/100.0 
Sheep 5 0 0.0 

Malabar | 
squirrel 1 | 1 1100.0 
Chicken 1 | 0! 0.0 
Parakeet 4 | | 0 0.0 
Chimpanzee 1 | 0| 0.0 
TON ooo 2361 | 358 | 84 | 14 Syl) Sie lio lO ie al! i + 3*) 1 | 642) 27 


* K. ajelloz strains not shown to be pathogenic. 
+ T. cutaneum. 


Pathogenic fungi were recovered from animals residing in 29 different states. 
Of the total number of specimens studied, 642 (27.2 per cent) were found to 
be positive by culture. 

As shown on TABLE 1, 9 dermatophyte species and a Trichosporon were iso- 
lated and identified from the clinical materials submitted. These were: Micro- 
sporum canis, M. gypseum, M. audouinii, M. distortum, Trichophyton mentagro- 
phytes, T. equinum, T. verrucosum, T. rubrum, Keratinomyces ajelloi, and 
Trichosporon cutaneum. As might be expected, the majority of these dermato- 
phytes are specialized zoophilic parasites of lower animals. However, 2 of the 
species, M. gypseum and K. ajelloi, are soil organisms, and 2 others, M. au- 
douinti and T. rubrum, are essentially human pathogens. As a background to 
the presentation of our findings relative to the individual host animal species 
it would be well to discuss briefly each of the organisms encountered. 

Microsporum canis (M. felineum, M. equinum, M. lanosum). This fungus 
has been shown by a number of investigators both in the United States and 
elsewhere to be the common cause of ringworm in cats and dogs. Our find- 
ings further confirm this fact and, in addition, reveal that M. canis is also an 
important cause of ringworm in monkeys. Although M. canis is primarily a 
zoophilic dermatophyte, human infections by this fungus are not uncommon. 
The organism is readily transmitted to man by animals, particularly by cats 
and dogs, and is responsible for the majority of the “animal-type” ringworm 
infections in the urban human population of the United States. In rural 
areas this agent presents less of a public health problem. Person-to-person 
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transmission of this fungus can occur; however, the organism appears to lose 
its infectivity after a few such human passages. Thus, large-scale epidemics in 
man are not caused by M. canis. Rather, isolated cases or group infections 
form the pattern observed, the total number of human cases being a reflection 
of the morbidity in animals. The Wood’s light is a useful tool in the detection 
of this infection in both man and animals. However, this diagnostic aid does 
have its limitations, as evidenced by our findings that only 30 per cent of the 
_M. canis-infected hairs fluoresced. 

Microsporum gypseum (M. fulvum, Achorion gypseum). M. gypseum has 
been shown to be a common soil fungus. Ajello* reported the recovery of this 
agent from 37 (31.9 per cent) of 116 soil samples collected from various sites in 
Tennessee and Georgia. Subsequent analyses of foreign and domestic soils by 
several workers® * ' have resulted in equally frequent isolations. Although 
M. gypseum is infectious for man, it does not appear to be an important human 
pathogen. In several surveys'®"’ of human ringworm this fungus has been 
found to be responsible for only 0.7, (2.1 per cent) of the cases studied. Until 
recently, animal infections have been considered to be equally uncommon. A 
review of the world literature by Ajello* in 1953 revealed that up to that time 
only 61 authenticated lower animal infections by this organism had been re- 
corded. However, the results of our studies would indicate that M. gypseum 
is a not uncommon cause of ringworm in animals. As noted on TABLE 1, M. 
gypseum was isolated from 84 animals with clinical ringworm during the period 
covered by this report. This fungus is often referred to as a zoophilic dermato- 
phyte in the belief that animals serve as reservoirs of infection for man. It is 
possible that occasional animal-to-human transmission does occur. However, 
in those instances where the infection has been diagnosed concurrently in man 
and his animal contacts, the possibility that soil served as a common source of 
infection for the hosts involved was not considered or investigated. The wide- 
spread distribution of this fungus in soil, together with its demonstrated ability 
to exist in nature as a free-living agent,!’ would indicate that M. gypseum is 
essentially a saprophyte that can, under certain conditions, assume a parasitic 
existence. Consequently, this mold would fall into the category of “‘geophilic” 
dermatophytes and should not be regarded as an “animal-type” fungus. Al- 
though some workers have reported fluorescence of M. gypseum-infected human 
hairs under the Wood’s light, we have never observed this phenomenon in our 
animal cases. Thus, the Wood’s lamp does not appear to be an appropriate 
tool for the detection of this infection in animals. 

Microsporum audouinii. This fungus is considered to be a human pathogen, 
with animals playing no role in the epidemiology of the infection. M. audowint i 
is the agent most commonly implicated in epidemic ringworm of the scalp in 
children in the United States. In recent years, outbreaks involving thousands 
of school children have been reported from all sections of the country. Al- 
though this agent is essentially a human pathogen, there are recorded in the 
literature!?-3 five authenticated infections in lower animals. In three of these 
cases dogs, in one a monkey, and in one a guinea pig were involved. These 
few cases, of course, do not indicate that animals serve as unsuspected reser- 
voirs of this infection, yet they are significant to the extent that lower animals 
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have been proved to be susceptible to this agent. It is possible, although 
perhaps unlikely, that future studies may change our concept of the part played 
by animals in the natural history of this agent. As noted on TABLE 1, we Te- 
covered M. audouinii from a dog with clinical ringworm. The animal in- 
volved was a 10-week-old boxer that had been acquired by a family that had 
two children under dermatologic care for tinea capitis. Infected hairs col- 
lected from this dog were observed to fluoresce under the Wood’s light. Sub- 
sequent to the period covered by this report we again isolated M. audouinit 
from a dog with clinical ringworm." This animal was a 6-month-old terrier 
that had been recently purchased by a family that included a young boy under 
treatment for ringworm of the scalp. In this case M. audouinii was also 
recovered from the human. It would appear that in these two episodes man 
transmitted the infection to the lower animals. 

Microsporum distortum. This new species of Microsporum was described in 
1954 by Di Menna and Marples” as a cause of human disease in New Zealand. 
The epidemiological features of the outbreaks in that country suggested to 
these workers that animals were the source of the human infections. However, 
these investigators did not recover this fungus from lower animals. As shown 
on TABLE 1, we isolated M. distortuwm in four instances from monkeys and once 
from a dog that had been in contact with one of the infected simians.** All 
five animals had clinical ringworm. These recoveries demonstrated that M. 
distortum does indeed infect lower animals in nature and that it is present in 
the New World. The monkeys involved had been recently imported from 
Central America. While conclusive proof was not obtained to show that M. 
distortum had been brought into the United States by the monkeys, the evi- 
dence is sufficiently suggestive in nature to warrant further investigations into 
this possible avenue of importation. The public health implications of this 
infection are evidenced by the fact that six humans that had been in contact 
with three of the simians were reported to have developed ringworm. The 
demonstrated ability of this agent to infect a variety of host species points to 
the possibility of its establishment in the lower animal population of this coun- 
try. Hairs invaded by M. distortum fluoresce under the Wood’s lamp. 

Trichophyton mentagrophytes var. granular (T. gypseum, T. asteroides, T. 
granulosum). This variety must be differentiated from the “‘downy”’ type of 
T. mentagrophytes that is the human pathogen commonly found to cause ath- 
lete’s foot.” The granular variety is a zoophilic dermatophyte that is trans- 
mitted by animals to man. Human infections with this agent are encountered 
principally in rural areas. In one study?’ 7, mentagrophyles var. granular was 
shown to be responsible for approximately one half of the cases of suppurative 
ringworm in humans in rural areas of Michigan. This fungus is pathogenic 
for a diversity of animal species, both domestic and wild, including rodents 
and larger mammals. 

Trichophyton equinum. As the species name would imply, this fungus is 
primarily a pathogen of horses. Epizootics of equine ringworm caused by this 
fungus have been described from the United States?’ and other parts of the 
world.*° In some of the outbreaks infections have been reported among 
human contacts. However, such cases have been few in number, a fact that 
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indicates minimal pathogenicity for man. In this country 7. egwinum has 
not been generally recognized as a distinct species. In the manual of Conant 


-e¢t al.* it is listed as a synonym of 7. mentagrophytes. However, nutritional 


and morphologic studies™ recently carried out in our laboratory have led us 
to recognize that T. eqwinuwm is a valid species and is not a variant of 7. 


—mentagrophytes. 


Tricophyton verrucosum (T. faviforme, T. album, T. discoides, T. ochraeceum). 


This dermatophyte is the principal cause of cattle ringworm in the United 
States and other parts of the world.*® *® Occasional infections occur in other 
animal species.’ Man is susceptible to infection by this fungus, and 7. ver- 


rucosum appears to be an important cause of suppurative ringworm in humans 
residing in rural areas. In the study carried out in Michigan, approximately 
one half of the cases of suppurative ringworm in rural residents were shown to 
be caused by this fungus. 

Trichophyton rubrum (T. purpureum). This dermatophyte is an important 
cause of ringworm of the feet and nails of man in the United States and in other 
parts of the world. In recent years there have been indications that human 
infections with this agent have been increasing.*’ The reasons for this trend 
are not too well understood and have been the subject of considerable specula- 
tion. There is no evidence, however, that animals are involved in the epi- 
demiology of this disease. Although 7. rubrum is generally regarded as an 


obligate anthropophilic dermatophyte, natural infections in animals can occur. 


Chakraborty, Ghosh, and Blank*® reported the first recovery of this agent from 
lower animals. As noted on TABLE 1, during the period covered by this report, 
we isolated 7. rubrum from a dog with clinical ringworm. The animal in- 
volved was a one-year-old boxer, the owner of which had a mild case of tinea 
pedis of several years’ duration. The owner had the habit of rubbing the dog 
with his bare feet. 7. rubrum was recovered from the owner’s feet. Thus, it 
would appear that in this case man transmitted the infection to a lower animal.” 

Keratinomyces ajelloi. This fungus was first described in 1952 by Van- 
breuseghem,® who recovered the organism from Belgian soil. Subsequent stud- 
iest8 carried out in the United States and elsewhere have shown this agent to 
be a common soil-inhabiting fungus. Although man and lower animals are 
constantly exposed to this agent in nature, there had been no reports of in- 
fection with this species until 1956. During that year we recovered K. ajelloi 
from a case of ringworm in a Malabar squirrel.” In this instance we were able 
to demonstrate tissue invasion and were successful in reproducing the disease 


jn guinea pigs with the strain isolated. As noted on TABLE 1, this fungus was 


also recovered from three dogs with skin lesions. However, tissue invasion 
was not demonstrated, which would indicate that in these instances the organ- 
ism most probably was present on the skin as a contaminant. To date there 
have been no reports of human infections with this interesting fungus. Al- 
though cases of ringworm due to K. ajelloi are apparently very rare, it 1s possi- 
ble that future studies may show this fungus to be an occasional cause of dis- 


ease. 
Trichosporon cutaneum. Members of this genus are not dermatophytes. 


They are the cause of a fungus disease of the hair known as white piedra.  In- 
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fected hairs are characterized by the formation of nodules along their shafts. 
Most of the cases in man have been reported from South America, Asia, and 
Europe.*® The paucity of reported human cases from the United States” would 
indicate that white piedra is rare there. Piedra has been reported in lower ami- 
mals. This condition has been observed in a horse® and in clinical materials 
from chimpanzees in Germany.” The chimpanzee cases, however, appear to 
be black piedra, a disease caused by an ascomycete, Piedraia hortat. The or- 
ganism responsible for the equine case is not known. As noted in TABLE I, we 
recovered a Trichosporon from a monkey“ with clinical white piedra. This is 
the first such authenticated infection to be reported from a simian. The 
animal involved had recently been imported from Latin America. ‘This in- 
teresting finding suggests the possibility that piedra may not be uncommon 
in the simians of Latin America. 

It is evident from the above comments that the dermatophytes encountered 
in our survey show varying degrees of host specificity. Some are pathogenic 
for a diversity of animals, others parasitize only a few species. It is interesting 
to note that, with the exception of K. ajelloi, all fungi to date have been shown 
capable of infecting man. With these points in mind let us examine some of 
our findings with respect to the individual host animal species. 

Infections in dogs. As noted on TABLE 1, specimens from 1659 dogs were 
received for laboratory study. Of this number 368 (22.1 per cent) were found 
to be positive by culture. In order of frequency the three principal dermato- 
phytes encountered were: M. canis, in 252 cases (69 per cent of the infections), 
M. gypseum in 68 cases (18 per cent of the infections), and 7. mentagrophytes 
in 41 cases (11 per cent of the infections). The dermatophytes M. audounii, 
M. distortum, and T. rubrum each were recovered once, and the soil organism 
K. ajelloi was recovered three times. 

There was no apparent difference in the clinical picture produced by the 
various dermatophytes encountered. Approximately 80 per cent of the in- 
fections occurred in dogs less than two years of age. The most common lesions 
observed by the attending veterinarians in this series were circular, scaly areas 
of alopecia, with or without crust formation, located on the head and extremi- 
ties. Kerion development was reported in some cases, and in others the clinical 
picture simulated eczema. 

Of the 368 dogs shown to have ringworm there was a history of skin lesions 
among members of 36 owner families. In 30 of these episodes, M. canis was 
recovered from the dogs involved. The dermatophytes M. audounii, M. dis- 
lortum, M. gypseum, and T. rubrum were each isolated in one instance from the 
other dogs. 7. mentagrophytes was recovered in two cases from the pets in- 
volved. Unfortunately, in only five episodes did the attending physicians cul- 
ture the human cases or submit clinical materials to a public health laboratory 
for mycologic study. Consequently, evidence that the humans were suffering 
from the same infection as their pets must be considered presumptive. 

Infections in cats. Specimens from 524 cats were submitted for laboratory 
study (TABLE 1). Of this number 200 (38.1 per cent) were found to be positive 
by culture. The principal dermatophyte encountered in this series was M. 
canis. The fungus was isolated in 193 cases (96.5 per cent of the cases). M. 
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_gypseum and T. mentagrophyles were recovered in 4 cases and 3 cases, respec- 


} 45, 46 i “1M < r 65 ~ = = 2 
tively.*® Approximately 65 per cent of the infections occurred in cats less 
than one year of age; approximately 80 per cent of the infections occurred in 


felines less than two years of age. The lesions observed by the attending 
veterinarians varied from scattered loss of hair to diffuse scaling and alopecia. 


: 


The areas of the body involved were principally the head and the extremities. 


The public health importance of feline ringworm was emphasized by the 
fact that among the owners of the 200 cats found to be infected there was a 


history of skin lesions among members of 63 of the families. In all such cases 
_M. canis was recovered from the felines involved. _ As far as could be deter- 
/ mined, in 12 instances in which lesions were reported among human contacts, 


the cats involved had been recently purchased from breeding establishments; 
in 10 instances the animals involved were strays that had been recently brought 
into the home; in 2 episodes the animals had been recently obtained from 
friends, and in 14 cases the felines had been permitted to run out of doors at 
will. In the remaining cases it was not possible to obtain additional informa- 
tion. It should be pointed out that in only 3 of these episodes were the hu- 
mans cultured by the attending physicians, and M. canis was recovered by 
the dermatologists from these patients. Therefore, evidence that in the re- 
maining instances the humans were infected by the same agent as the cats 
must be considered presumptive. 

Infections in cattle. Clinical materials for laboratory study were received 
from 58 head of cattle, including dairy and beef breeds (raBLE 1). Of this 
number, 29 (50.0 per cent) were found to be positive on culture. The only 
dermatophyte encountered was T. verrucosum. Although ringworm in cattle 
is most commonly observed during the fall and winter months when cattle are 
kept in barns, three outbreaks were reported in the summer months. The 
lesions most commonly observed were raised, crusted areas, circular in outline, 
located principally on the head, neck, and tail regions. 

In 3 outbreaks of cattle ringworm, lesions were reported among members of 
the owner families. Unfortunately, the attending physicians did not culture 
the human cases. On the basis of clinical appearance, however, the lesions 
were diagnosed as animal-type ringworm. In one such episode, a farmer, his 


' wife, and their 4 children, ranging in age from 6 months to 10 years, developed 


skin lesions. It is of interest to note that the 6-month-old infant, who had 
never been in contact with the animals, was the first to become infected, and 
that the father, who had the greatest contact with the infected stock, was the 


-Jast to develop lesions. This episode again demonstrates the possibility of 


indirect spread of this infection.” a ; 
Infections in horses. During the year 1956, clinical materials from 56 horses 


were examined (TABLE 1). Of this number, 18 (32.1 per cent) were found to 


be positive on culture. Three different dermatophyte species were isolated. 
They were M. canis, M. gypseum, and T. equinum. ; 
The first organism, M. canis, is an important cause of equine ringworm in 
some parts of the world.* In this country, however, little information 1s 
available concerning the prevalence of this infection in horses. A review of 
the literature shows only one previously reported case of M. canis ringworm In 
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a horse in the United States. Our two isolations of this dermatophyte rep- 
resent the second and third times that M. canis has been demonstrated to cause 
equine ringworm in the United States. 

The second organism, M. gypseum, does not appear to be a common cause 
of equine ringworm. A review of the world literature by Ajello* in 1953 dis- 
closed that up to that time only 50 such infections had been recorded. All of 
the cases had been described from Europe, with the exception of 2 from Mada- 
gascar. Prior to 1956, this disease had not been reported in horses in this 
country. Since that time we have recovered M. gypsewm from 12 horses with 
clinical ringworm. Eight of the animals were involved in an epizootic of 
ringworm,” and 4 appeared as isolated cases. Thus, M. gypsewm does not 
appear to be an uncommon equine pathogen in this country. 

The third-fungus, 7. equinwm, was recovered from horses in four instances. 

In our series, the clinical picture produced by the three dermatophytes was 
basically the same. The appearance of the lesions varied with the stage of the 
disease. Early lesions appeared as raised, crusted areas that tended to be 
circular in outline. As the disease progressed, the crusts fell off, leaving scaly 
areas of alopecia. Where widespread loss or breakage of hair had occurred, 
the affected areas presented a moth-eaten appearance. 

Although there was close contact between the infected horses and humans 
over a long period of time, there was no evidence of transmission of disease 
from equines to man. 

Infections in monkeys. Specimens from 21 monkeys were received for study 
(TABLE 1). All the simians were of species indigenous to Central and South 
America. Ten of the animals were found to be infected with M. canis, four 
with M. distortuwm, and one with Trichosporon cutaneum. 

The lesions most commonly seen were scaliness of the skin, with varying 
degrees of alopecia. In two cases, a more severe tissue reaction was observed, 
as evidenced by the development of kerions. The parts of the body most 
commonly involved were the extremities and tail. 

Five of the simians shown to be infected with M. canis and three with M. 
distortum were reported to have transmitted the disease to human contacts. 
However, the attending physicians did not culture the human cases to deter- 
mine the etiological agent. The diagnoses of ringworm were made on the 
basis of clinical appearance. More intensive studies are indicated to deter- 
mine the full public health importance of ringworm in monkeys. 

Infections in chinchillas. Specimens from twelve chinchillas were received 
for laboratory study (TABLE 1). The dermatophytes M. canis and T. menta- 
grophyltes were isolated in one and two cases, respectively. 

Blank*! presented evidence that would indicate that 7. mentagrophytes is a 
cause of “fur slipping,” a skin disorder of economic importance to chinchilla 
breeders. In one case where we recovered 7. mentagrophytes, the animal in- 
volved was a member of a group of three hundred chinchillas, the majority of 
which were reported to have skin lesions. The infected animals had scaly 
patches of alopecia, located most commonly on the nose, behind the ears, and 
around the base of the tail. In this outbreak the owner and her son were re- 
ported to have developed skin lesions as a result of handling the animals. 
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Infections in guinea pigs. Nine guinea pigs maintained at the Communica- 
ble Disease Center were cultured, and 7. mentagrophytes was isolated in six 
instances (TABLE 1). This agent had previously been incriminated in an epi- 
zootic of ringworm involving several thousand guinea pigs at the Communica- 
ble Disease Center.” In our few cases the animals showed scaly erythematous 


patches of alopecia on the tip of the nose, around the eyes, and at the base of 
_thetail. None of the individuals handling these animals developed skin lesions. 


Infections in other animal hosts. Keratinomyces ajelloi was isolated from a 


Malabar squirrel. Clinical material was received from 2 donkeys (TABLE 1). 
- One of the animals was found to be infected with 7. eyuinum and the other with 


T. verrucosum. In addition, specimens from 8 rabbits, 5 sheep, 1 chicken, 4 
parakeets, and 1 chimpanzee were cultured. In none of these cases were ring- 
worm fungi recovered. 


Wild Animal Ringworm Study 


During the period covered by this report, hair specimens from 2350 wild 
animals were cultured (TABLE 2). Twenty-one different animal species, in- 
cluding rodents and larger mammals, are included in this series. Of the total 
number of specimens examined, M. gypseum was recovered in 3 instances, once 


TABLE 2 
Wiup Annmrat Rrxcworm SurveEY, JANUARY 1956 To JUNE 1957: 
Funci Isotatep BY Host SPECIES 


Fungi isolated 
Host animal species so ea ee, Toe te 
Sporum pision Micro- 
gypseum Oh aes Sporum 
Opossum (Didelphis marsupialis)..........- 379 6 11 
Raccoon (Procyon lotor)....:-2.++++-+++4:> Dod 1 
Skunk (Mephitis mephitis).............---. | 246 2 
Gray fox (Urocyon cinereoargenteus).......-. | 87 
Cottontail rabbit (Sylvilagus floridanus).... . 205 1 
Cotton rat (Sigmodon hispidus).......-.-.- | 336 1 57 
House mouse (Mus musculus)....- 2-06-06 ++ 91 1 
Gray squirrel (Sciurus carolinensis)....-..-. 3 
Red fox (Vulpes fulvua)........-+++22eeeee 18 
Cotton mouse (Peromyscus polionotus)....-.- 18 
Fox squirrel (Sciurus niger)......-++++++++- 51 
Marsh rabbit (Sylvilagus palustris).......--- 4 
Domestic cat (feral) (Felis domestica)....... 26 
Bobcat (Lynx rufus) ........021 eee eeecees 61 F 
Old field mouse (Peromyscus polionotus).... 61 2 
Harvest mouse (Reithrodontomys sp.).-..+--- | 
Roof rat (Rattus rattus).... 0+... eees 70 
Golden mouse (Peromyscus nuttalli).......-- 1 
Wood rat (Neotoma floridana)........-+---- 1 
Otter (Lustra canadensis)......-+++++++++>> . , ; ' 
Norway rat (Rattus norvegicus).....--++++-- 129 
¢ 
TRaGEIE Ged deed aoe eg ea oa 2350 3 9 | 74 


* A new species of Microsporum. Pathogenicity never demonstrated. 
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from a Norway rat (Rattus norvegicus), and twice from old field mice (Peromys- 
cus polionotus). The dermatophyte 7. mentagrophyles was isolated from 6 
opossums (Didelphis marsupialis), 1 cotton rat (Sigmodon hispidus), 1 old 
field mouse (P. polionotus), and 1 Norway rat (R. norvegicus). In addition, 
as shown on TABLE 2, we obtained 74 isolates of a fungus that at this time 1s 
simply referred to as the “red”? Microsporum. This organism was recovered 
from 11 opossums (D. marsupialis), 1 raccoon (Procyon lotor), 2 skunks (Mephi- 
tis mephilis), 1 cottontail rabbit (Sylvilagus floridanus), 57 cotton rats (Ss 
hispidus), 1 house mouse (Mus musculus), and 1 Norway rat (R. norvegicus). 
The red Microsporum is considered to be a new dermatophyte species,” and a 
manuscript describing this fungus is now being prepared for publication. A 
similar organism has been recovered from soil in Idaho and Washington by 
Cooke, and in Michigan by Ajello.®® It should be pointed out again that 
none of the animal hosts from which this organism was recovered showed any 
skin lesions. In addition, the Wood’s light and direct microscopic examina- 
tion of the clinical materials failed to reveal any evidence of infection. Fur- 
thermore, all experimental attempts to demonstrate pathogenicity of the red 
Microsporum for man and animals have been unsuccessful. Thus, the po- 
tential public health implications of this new fungus species remain to be de- 
termined. 

It is of interest to note that the pathogen Trychophyton mentagrophyles was 
recovered from wild rodents and opossums. In a previous report®® similar 
findings have been recorded. The fact that feral animals, particularly rodents 
of the type commonly found on farm premises, have been repeatedly demon- 
strated to be carriers of this dermatophyte may have important epidemiological 
implications. Large numbers of rodents are commonly found in barns, feed- 
storage bins, and other sites on farms, and rodent carriers of T. mentagrophytes 
may serve as indirect sources of human infections by contaminating the en- 
vironment with elements of this fungus. 


DiscussION AND CONCLUSIONS 


It is obvious that the term “ringworm” denotes a clinical entity rather than 
a specific infection. A number of distinct fungus species can cause dermatophy- 
toses in animals as well as man. Each organism presents its own epidemiolog- 
ical and epizootiological implications. Thus, measures designed to control 
outbreaks of ringworm in human and animal populations must be based upon 
knowledge of the organisms involved and their ecology. Therefore, reliable 
mycologic support would be imperative for any well-founded control program, 

Our studies have shown that ringworm in animals is a common dermatologi- 
cal condition with definite public health implications. Nevertheless, this en- 
tity has been largely ignored by public health workers in the United States to 
date. To a great degree this situation reflects the neglect of the whole field of 
medical mycology in the past. In recent years, however, there has been a 
marked increase of interest in the fungus diseases of man and animals, and it is 
encouraging to note the many advances made in our over-all knowledge of 
these infections. It is to be expected that, as our understanding of animal 
ringworm infections accumulates and their public health implications are fully 
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appreciated, control programs will be devloped in the United States. Such 
programs already have been initiated in Great Britain.®” 


SUMMARY 


Based on recent findings, a modified classification of the dermatophytes from 


an epidemiological standpoint is presented and described. This classification 


includes three groups: the anthropophilic or human-type dermatophytes, the 
zoophilic or animal-type, and the geophilic or soil-inhabiting fungi. Members 
of the third group are free-living keratinophilic fungi, commonly found in soil, 
which have the ability, under certain conditions, to parasitize human and lower 
animal hosts and produce disease. The public health importance of these 
three groups of organisms is reviewed. 

The results of the animal ringworm survey conducted during the period of 
January 1956 to June 1957 are presented and discussed. Clinical materials 
from 2361 domestic animals with skin lesions were examined. Of these 
animals, 642 (27.2 per cent) were found to be positive by culture. Nine 
dermatophyte species and a Trichosporon caused these infections. They were: 
Microsporum canis, M. gypseum, M. audouinti, M. distortum, Trichophyton 
mentagrophyies, T. equinum, T. verrucosum, T. rubrum, Keratinomyces ajellot, 
and Trichosporon culaneum. 

Clinical materials from 2350 wild animals trapped in southwestern Georgia 
also were cultured. These animals did not show any apparent cutaneous ab- 
normalities. The dermatophyte M. gypseum was recovered in 3 cases, T’. men- 
iagrophytes in 9 instances, and a new species of Microsporum in 74 other cases. 
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CAT-SCRATCH FEVER 


By J. 1... Prier 
Merck Sharp & Dohme, West Point, Pa. 


The close relationship existing between the human and the domestic ani- 
mals and the interdependence of these species are matters of record in the 
sociological and scientific literature that forms the history of civilization. At 
one time such association was close, physically as well as economically. Man 
shared his living quarters, his water and, in some instances, even his food with 
the species of agricultural importance, and this cooperative existence frequently 
resulted in equal sharing of some diseases. 

Only a few remnants of this type of existence remain today. It is reported, 
at least through that medium of modern electronics that has become an integral 
part of existence in the United States, that the cowboy still lives with his 
horse, the shepherd with his flock, and Tarzan with the beasts of the jungle. 
For the most part, however, modern husbandry dictates that the livestock 
upon which our way of life depends be maintained separate and apart from the 
human domicile. Most of the diseases that were common to the species have 
been brought under control. Progress has been made in these areas. 

However, in the relationships of man to animals other than agricultural 
species, the situation is somewhat different. The home, which was well on its 
way to becoming a human sanctuary, has been invaded by a curious array of 
nonhuman species. Also, the communities of the world are overrun with the 
domestic feline, a species of dubious value but definite detriment. 

The most common disease transmitted to man by the domestic cat, aside 
from insomnia, is a condition that has been given such names as nonbacterial 
regional lymphadenitis, benign inoculation lymphoreticulosis, and cat-bite 
fever, and L. Foshay of the University of Cincinnati, Cincinnati, Ohio, is 
credited with the name “‘cat-scratch fever.” As a recognized clinical entity, 
this disease is new, the majority of cases having been reported within the past 
six years. The number of diagnosed cases is increasing, although there is no 
direct evidence that the disease actually occurs more frequently now than in 
previous: years. Some cases have been tentatively diagnosed in retrospect, 
one as early as 1925. 

It is generally conceded that the disease was first recognized in the United 
States, although this was unpublished, by Foshay in 1932. In 1935 the dis- 
ease was described in Great Britain by Beaumont and Gill! and by Brown2 
Following the descriptions by Debré et al. in 1950*° and by Mollaret ef al. 
in France, and Greer and Keefer (1951)" in the United States, numerous case 
histories and research reports appeared in the literature of the United States 
and other countries.'*”5 There is little doubt that the disease is one of clinical 
and public health importance, and that probably the present incidence will 


persist or increase until more information regarding etiology and prophylaxis 
becomes available, 
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Etiology 


In contrast to the modern trend in virology, in which numerous agents are 
found in nature without diseases to call their own, cat-scratch fever is some- 
what old-fashioned. In this case we have a definite disease, but no established 
cause for it although, by processes of elimination, a virus of some type is the 
most likely suspect. 

Mollaret ef al.° reported the isolation of a virus as the cause of the disease, 
but confirmation of this work has not been possible to date. Numerous at- 
tempts to isolate such an agent in tissue culture by animal injection and by 
chick-embryo investigation have failed with great regularity. 

The consensus has been that the agent is probably a member of the psitta- 
cosis-lymphogranuloma group. Three factors have lent seeming credibility 
to this hypothesis. First, the disease is characterized by subacute granuloma- 
tous lesions of the lymph nodes; second, the sera of patients who have recov- 
ered from the disease frequently show the presence of complement fixing (CF) 
antibodies for lygranum antigen; and third, one of the most common viruses 
present in the domestic feline is the agent of feline pneumonitis, a member of 
the psittacosis-lymphogranuloma group. Admittedly, these criteria form an 
extremely shaky base for the theoretical selection of an etiological factor, but 
the nature of the agent has been assumed by the majority of investigators. 

Recently, however, Armstrong et al.° have suggested that there is no reason 
to assume that the causal agent of cat-scratch fever is a member of the psitta- 
cosis-lymphogranuloma group of viruses. They report that the reaction to 
lygranum CF antigen is not a significant factor in diagnosis. Many cases have 
no rise in titer, and some individuals in the older age groups may have a titer 
with no history of clinical disease. This contention is also emphasized by the 
work of others.”* 

The presence of inclusion or elementary bodies has been discussed in detail 
by Mollaret ef al.%* The finding of basophilic intracytoplasmic bodies was 
considered by these workers as evidence of specific cellular reaction to the 
agent of benign lymphoreticulosis or direct virus growth. Intracellular bodies 
were found in both the peripheral primary lesion and in affected lymph nodes. 
Basophilic inclusion bodies are commonly found in the macrophages of the 
lesion,° but are also present in the same pathological tissues of other diseases, 
including tularemia, tuberculosis, and bacterial adenitis. The absence of in- 
clusion bodies has been noticed in cases of cat-scratch fever by Kalter, Prier, 
and Prior,2* and it is now generally accepted that there are no specific intra- 
cellular bodies associated with the lesions. 

The possibility that cat-scratch fever may be a manifestation of some other 
specific disease has been considered, but all evidence to date leads to the con- 
clusion that it is a complete and separate pathological entity. Beaumont and 
Gill! have suggested that the disease was the same as rat-bite fever, but the 
organisms associated with the latter have not been isolated from active lesions. 
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Source of Infection 


The most frequent predisposing factor to the clinical case of cat-scratch 
fever is a skin injury produced by the claw of a cat. The age of the offending 
animal is not important. Cat bites and, occasionally, dog bites also have been 
incriminated. At least one case has been attributed to contact with urine. 
Other sources of infection have been a porcupine quill, wooden splinters, thorns, 
insect bites, and abrasions.” 78> It is not known, of course, whether such 
vectors were contaminated with the infecting agent by cats, either directly or 
indirectly. ‘ 

It is reasonable to assume that cats may carry a transmissible agent in their 
upper respiratory system or oral cavity. The feline habit of frequently licking 
the paws results in almost constant contamination of the claws with saliva. ; It 
remains to be demonstrated, however, that clinically normal cats are carriers 
of a viral agent. With the present knowledge of orphan viruses in many spe- 
cies, it becomes plausible to assume that such a possibility exists. 

Cats that have been incriminated definitely in the transmission of cat-scratch 
fever have been examined in detail. It is usual that the animals involved are 
normal, even to detailed clinical and laboratory examination, but such normal 
cats are capable of subsequent transmission of the disease; even multiple family 
outbreaks have been noted.” 7. Thompson and Miller,?** in discussing a case 
of cat-scratch fever encephalitis, noted that an involved cat died several days 
after onset of the primary lesion. There were insufficient facts available to 
assume that this death was related to the capacity of the animal to transmit 
cat-scratch fever. 

Detailed post-mortem examinations of cats involved in the production of 
cat-scratch fever cases have been done by the author. In no case has there 
been identified a lesion or disease syndrome that could be connected with the 
animal’s ability to transmit disease. In at least one case it was demonstrated 
that the animal was capable of inducing cat-scratch fever at the time of post- 
mortem inspection. This cat, received from a patient who had recently de- 
veloped the disease, accidentally scratched an individual at the time of exam- 
ination. As a result, a mild but typical case of cat-scratch fever developed, 
including initial lesion, lymphadenopathy, and subsequent development of a 
positive reaction to a skin-test antigen. 

In general, therefore, the sources of infection shed no light on the problem 
of etiology. In fact, there is no evidence indicating that the cat acts other 
than merely as a common mechanical carrier of the disease agent. 


Transmission to Experimental Animals 


Information to date tends to indicate that man is peculiar in his suscepti- 
bility to benign lymphoreticulosis. Mollaret2’ described the transmission of 
the disease to monkeys. He injected a suspension of lymph node obtained 
from a human case and produced both a local lesion and regional lymphade- 
nopathy. Unfortunately, however, sufficient confirmation of this work has 
never been presented. 

Peterman, in discussing a probable case that occurred in 1925, noted that 
materials from the lesions of the patient were injected into guinea pigs. The 


Prier: Cat-Scratch Fever 653 


injected animals developed lung lesions that reportedly bore a histological 
similarity to those of the naturally infected human. ; 

For the most part, the use of laboratory animals in the study of cat-scratch 
fever has been entirely unsatisfactory. Mice, guinea pigs, rats, rabbits, 
chicks, suckling animals, and hamsters have all been used in attempts to elicit 
a regular response to injection of supposedly infective materials. Dogs and 
cats have also been used without success. Studies employing schemes of blind 
passage in guinea pigs were futile. 

It is, perhaps, of particular interest that cats of any age are totally refractory 
to the injection of purulent material obtained froin the lesions of acute cases. 
Such animals do not develop and do not naturally carry antibodies against the 
lymphogranuloma group of agents. Also, they do not react to the skin-test 
antigen, which is a result of diagnostic significance in the human patient. 


The Clinical Disease 


The primary lesion. The majority of cases develop a lesion at the site of 
inoculation. Although the time of appearance is variable in the extreme, it 
usually appears 3 to 14 days after the injury. One case”? had an apparent 
incubation period of 62 days. It isa relatively benign lesion, being red, slightly 
raised, and papular in appearance. It may proceed to a minor ulceration with 
a small necrotic core. Small multiple papular eruptions have been observed 
in some cases and, infrequently, a transient localized measles-like eruption oc- 
curs. 

Systemic symptoms. The majority of patients exhibit a febrile period, some 
temperatures exceeding 104° F. The course of the fever is quite variable. 
With some, an undulating curve is noted; others may have a low fever of short 
duration (1 or 2 days); still others may have a relatively high fever that persists 
for 4 days or longer. About one third of the patients are afebrile. 

Other general symptoms include anorexia, malaise, weakness, chills, and 
aches. Many cases are hospitalized, although this acute phase subsides within 
a few days in most instances. 

Lymphadenopathy. Aside from the primary skin lesion, the most common 
change associated with the disease is a regional lymphadenopathy. Varying 
degrees of swelling are noted, and nodes of nearly any area may be involved. 
Most typically, the immediate draining lymph gland is affected first, and sub- 
sequently the secondary nodes become involved. Thus, in a scratch or bite 
about the hand, swelling of the epitrochlear node is seen after several days, 
and then the axillary nodes are involved. Submandibular, suprascapular, 
preauricular, and cervical nodes are enlarged following injuries about the face, 
head, and neck. Such nodes may also be secondarily involved following inocu- 
lations of the upper limbs. Hilar and mesenteric nodes have been involved in 
a few cases, but the pathogenesis of such conditions is not clear. 

The affected nodes are swollen and produce varying degrees of pain and 
tenderness. As the disease progresses, the enlargement may cease and the 
node becomes indurated. In other instances, the nodes enlarge, suppurate, 
and frequently require surgical drainage. The pus derived from such lesions 
is thick, gray, and bacteriologically sterile. Nodes recede in size in 2 to 6 
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weeks, though some may require a longer period to return completely to nor- 
mal. Surgical removal of the affected node does not seem indicated com- 
monly. ; 

Involvement of the nervous system. By far the most serious sequela of cat- 
scratch fever is involvement of the central nervous system (CNS). Such com- 
plications were first brought to light by Stevens." In describing the disease 
in a 13-year-old boy, he recorded convulsions, stupor, coma, and other evidence 
of CNS disturbance. In the same year, Debré*** reported similar symptoms 
in a case in France. These cases were actually diagnosed in retrospect. 
Thompson and Miller recognized the first case during the acute stages of the 
disease. The central nervous symptoms did not become apparent until one 
month after the initial injury. Sufficient cases of this type have not been 
recognized to ascertain without doubt that CNS involvement is an important 
and not altogether rare result of infection with the agent of benign lympho- 
reticulosis. 

Other sequelae. In the examination of patients presumably ill of cat-scratch 
fever, other involvements have been observed. In some cases, however, it is 
not quite clear that the symptoms and lesions are referable to the primary dis- 
ease. Rather, they may be coincidental disease syndromes. 

Belber, Davis, and Epstein reported the association of thrombocytopenic 
purpura with a typical regional lymphadenopathy type of cat-scratch disease. 
Five weeks after the initial injury, and following a course of regional lymph- 
adenopathy, generalized petechiae in the skin, hematuria, bleeding gums, and 
blood in the stools characterized a well-defined disease process. The condition 
was sufficiently severe to require splenectomy. After recovery, a cat-scratch 
skin test was done and, supposedly due to an allergic response, a brief episode 
of purpura occurred. 

At least two cases of bone involvement have been reported due to, or at least 
associated with, cat-scratch fever.“ One patient developed a granulomatous 
osteomyelitis on a digit following a severe cat bite. The second individual 
developed a lesion on the right ileum, a presumptive diagnosis of eosinophilic 
granuloma, which healed spontaneously in nine months. The latter case had 
a typical syndrome of lymphadenopathy preceding development of the bone 
lesion. 

Lesions of the eye have been reported, though these are not of frequent 
occurrence. Daniels and MacMurray* have described a conjunctivitis and 
preauricular adenitis due, possibly, to entrance of the infection via the naso- 
pharynx. Parinaud’s oculoglandular syndrome has been discussed by Cas- 
sady and Culbertson®®: 4° and others: *’ as a probable result of direct con- 
junctival infection. This syndrome, nonspecific in etiology, may also result 
from infection with the tubercle bacillus, yeast, Pasteurella tularensis, viruses, 
and Leplothrix. Pronounced enlargement of the regional lymph nodes is asso- 
ciated with a severe acute conjunctivitis. 


Pathology 


The specific pathology is associated either with the primary lesion or the 
involved lymph node. Grossly, the primary lesion is a papular eruption; 
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microscopically it is a superficial circumscribed ulceration with an underlying 
acute inflammatory process.” 

Lymph nodes appear either as small indurated specimens, or enlarged firm 
masses, encapsulated, and with or without evidence of suppuration. On sec- 
tion, white necrotic nodules are apparent beneath the capsule, bearing a dis- 
tinct resemblance to tubercles. Cut surfaces usually have a pearl gray to tan 
background. 

The histopathological appearance of lymph nodes has been classified into 
three groups by Kalter, Prier, and Prior:*** (1) acute caseous, (2) acute necro- 
tizing, and (3) epithelioid cell. In all types, a capsular thickening, with marked 
chronic inflammatory cell reaction, is noted. Large numbers of eosinophils 
frequently are present among the plasma cells and lymphocytes in the capsular 
region, and giant cells are sometimes present in various parts of the lesions. 

The acute caseous lesion is, essentially, a soft tuberculoid granuloma. There 
is a large central amorphous caseous mass, around which is found a peripheral 
zone of epithelioid cells. Foreign-body type giant cells also may be present in 
this area. Lymphocytes are likewise present, and many of the epithelioid 
cells show degenerative changes. These lesions are not readily distinguishable 
from reactions induced by the tubercle bacillus. 

Acute necrotizing lesions are characterized by a central core of polymorpho- 
nuclear leukocytes. There is no well-defined layer of epithelioid cells at the 
periphery and no definite demarcation from surrounding tissue. A marked 
tendency for fusion of adjacent lesions is observed. 

Epithelioid cell lesions are essentially collections of epithelioid cell granuloma- 
toma. No evidence of caseation of cellular degeneration is present. The 
cells are large, with vesicular nuclei, acidophilic nucleoli, and a relatively large 
portion of cytoplasm. Marked germinal center hyperplasia is also observed 
in this type of involvement. 


Diagnosis 


Tentative diagnosis is possible by consideration of the history of a cat bite 
or scratch, followed by the development of the typical picture of lymphade- 
nopathy and gradual spontaneous regression of symptoms and lesions. More 
difficulty is encountered, of course, when atypical syndromes occur. 

I do not suggest, however, that full attention need not be given to complete 
examination for diseases that may produce similar clinical pictures, such as 
tularemia, brucellosis, lymphogranuloma venereum, tuberculosis, and neoplas- 
tic disease of the lymphatic system. Experience indicates that overenthusiasm 
in the diagnosis of cat-scratch fever may be as misleading as lack of considera- 
tion of the malady. Consequently, an adequate laboratory diagnostic pro- 
cedure may include, in addition to complete hematological studies, serological 
examination for Brucella, tularemia, infectious mononucleosis, and lympho- 
granuloma, and skin tests for histoplasmosis, blastomycosis, and tuberculosis. 

Supporting evidence for diagnosis can be obtained by histological examina- 
tion of lymph nodes if surgical intervention 1s indicated. 

If positive, serologic examination for antibodies to lygranum antigen may 
support the diagnosis (raBLE 1). It must be emphasized, however, that 


656 Annals New York Academy of Sciences 


qharsnis i" 
Resutrs or COMPLEMENT Frxatron Tests with LyGRANUM CF ANTIGEN: SERA FROM 
PATIENTS AND CATS 


Complement fixing titers (positives) 
: No. neg- 
No. sera (patients) 

a il IBS) 1:10 1:20 1:40 1:80 1:160 
Single 20 10 4 1 i 2 1 1 
Paired 27 0 il IN Se — | — 

Bex — #3 

DA x x —- — — 

Biz i x x xs — 

Cats 4 4 = 2 aa 


B = convalescent phase. Both patients were ill several weeks prior to the obtaining of 
the ‘‘acute” specimen. 


such results are not specific, and are negative in over 50 per cent of the cases. 
A positive CF test has less significance in mature and elderly individuals, 
since members of these age groups normally carry such CF antibodies. 

It was demonstrated by Foshay that a specific skin-test antigen could be 
prepared from the exudate of the affected lymph node. Material is treated in 
a manner similar to that used in the preparation of the Frei antigen for lym- 
phogranuloma diagnosis. Pus is collected in a sterile manner and diluted 1:1 
with sterile saline or buffer. The material is heated to 60° C. for 2 hours. It 
is then stored for 24 hours in the refrigerator and reheated to 60° C. for an 
additional hour. Bacterial sterility tests are run and, with the advent of 
newer techniques, tests in tissue culture for the presence of cytopathogenic 
viral agents. 

One tenth ml. of the antigen is injected intradermally in the forearm, and 
the results of the tests are read 48 hours later, though some reactions are clear 
at 24 hours. An area of erythema, with or without induration, about the site 
of injection constitutes a positive reaction; however, areas of only 1 to 3 mm. 
in diameter are considered doubtful. 

The efficacy of skin testing in the diagnosis of cat-scratch fever has been 
considered by many workers (TABLE 2). The consensus is that it is of a high 
order of specificity; although some persons react without prior history of dis- 
ease, such false positives are few. 

It is known that ability to develop a positive reaction to the antigen may 
persist for many years. One case is reported in which the reaction was posi- 
tive 28 years after clinical disease. Subsequent secondary subclinical infec- 
tion, of course, may be a factor in the persistence of the reactive state. 


Prevention and Therapy 


No adequate measure for prevention by use of biological products is avail- 
able. Many therapeutic agents have been used, but it is doubtful that real 
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TABLE 2* 


SKIN REACTIONS TO CAT-SCRATCH ANTIGEN IN A POPULATION 


] a) 
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* Reproduced by permission from Annals of Internal Medicine.* 
t Clinical picture suggested cat-scratch fever. Several were patients with abscesses or 
other pathological conditions (proved later). 


value has been demonstrated. Brand and Finkel” report some benefit to 
systemic symptoms from the use of chloramphenicol, chlortetracycline, and 
oxytetracycline, but such compounds do not affect the course of the lymph- 
adenitis. Others’82°° report negative results with antibiotics. 

If it is true, as some have suggested, that the cat is the only vector of the 
disease, the control procedure becomes clear. On the other hand, if cats are 
merely mechanical vectors, the solution of the problem of prevention is the 
discovery of the real source of the causal agent. 

And so it becomes clear that the playful kitten and the gentle, companion- 
able house cat have taken on a new role, namely, that of purveyors of an in- 
sidious and sometimes dangerous disease process. Such news must come as 
a shock to many who look to the domestic feline as a symbol of homely comfort, 
synonymous with the warmth and cheer of the hearthstone. But who would 
not be disturbed when the last retreat in a troubled world is invaded by an 
unseen enemy and, as if by a terrible twist of fate, the entrance is facilitated by 
the second best friend of man? 
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NEW KNOWLEDGE ON THE ECOLOGY OF SYLVATIC PLAGUE 


By Leo Kartman, Frank M. Prince, Stuart F. Quan, and 
Harold E. Stark 
San Francisco Field Station, San Francisco, Calif., Communicable Disease Center, 
U.S. Public Health Service 


“There is every reason to believe that an epidemic of plague is a self-regulating 
phenomenon which is capable of description, provided enough of its ecology is known. 
Indeed, it would remove a great deal of the fearsome unknown if one could forecast 
the peregrinations of plague, which in man are merely accidental sequels toa broad 
rodent parasitism in his environment.”—Karl F. Meyer (1942a). 


INTRODUCTION 


The history of plague is an eloquent example of changing concepts, of inves- 
tigation in which numerous hypotheses have been advanced, their limitations 
described, their positive values extracted, and their remaining skeletons buried 
in favor of new ideas. Known in classical antiquity, in the Middle Ages, and 
in the pandemia of the latter Nineteenth and early Twentieth centuries, plague 
has been studied primarily as an epidemic disease causing widespread mortality 
in human populations. Until comparatively recently, plague was thought to 
be fundamentally a disease of domestic rats in which rat fleas were the major 
vectors. By 1928 it was clear that sylvatic or wild-rodent plague represented 
an independent epizootiologic entity, and since that time it has been recognized 
that sylvatic plague may transfer to domestic rodents under certain conditions 
(Pollitzer, 1954). 

Detailed historical and ecologic views and reviews of plague in the western 
United States have been written by Meyer (1942a and 1942b), while the works of 
Pollitzer (1954) and Macchiavello (1954) document the vast world literature. 
The world distribution of sylvatic plague has been summarized by Garnham 
(1949). Sylvatic plague is now known to be established in wild rodents and 
their fleas in the western region of the United States and in western Canada. 
Recently the presence of wild rodent plague was shown in Mexico with the iso- 
lation of the organism from prairie dogs in the northern state of Coahuila 
(Varela and Vasquez, 1954). Ficure 1 shows the distribution of plague in 
animals as a result of extensive surveys, especially from 1936 to 1950, conducted 
by the United States Public Health Service and by certain states. The pre- 
dominance of wild-rodent over rat-borne plague is shown in FIGURE 2. Wild- 
rodent plague foci have been found in 131 counties of 15 western states in sur- 
veys from the Pacific Coast to the 100th meridian, an area comprising about 
40 per cent of the continental United States. The evidence shows that the 
disease in wild rodents forms a vast enzootic reservoir as a potential threat to 
humans. Pollitzer (1954) lists 91 plague cases and 57 deaths in 7 western 
states during the period 1908 to 1951 as having been contracted from wild- 
rodent sources. In June 1956 a fatal human case occurred in Ventura County, 
Calif.; this was apparently contracted from ground squirrel fleas. Ficure 3 
shows the distribution of human plague cases resulting from contact with wild 
rodents, with the exception of the case shown in Michigan, which is a labora- 
tory infection. 
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Ficure 1. Animal plague in the United States from 1902 through 1950. 


Numerous species of wild rodents have been implicated in the epizootiology 
of plague ever since the first suggestive evidence of an epizootic in ground squir- 
rels, Citellus beecheyi, was found in Contra Costa County, Calif., from 1903 to 
1905 (Meyer, 1942b). When plague was conclusively demonstrated in ground 
squirrels by McCoy (1908) and by Wherry (1908), the attention of investiga- 
tors was focused upon the larger colonial rodents. Thus Eskey and Haas 
(1940), in their classic study of plague in the western part of the country, indi- 
cated that the primary reservoirs of plague were ground squirrels, Citellus 
spp., wood rats, Veoloma spp., and prairie dogs, Cynomys spp. Occasional 
findings of plague in native mice, such as Peromyscus spp., mentioned by these 
and other authors, were considered by them to be unimportant accidental 
infections acquired by contact with ground squirrels or other important reser- 
vols. 

Colonial rodents best served the purpose of the early plague surveys, which 
were conducted primarily to demonstrate the geographic extent of the disease. 
The adoption in 1936 of routine inoculation of pooled fleas, in addition to tissue 
inoculations, by Eskey and Haas (1940) increased the efficiency of surveys in 
delineating the rodent and flea reservoirs of plague. Consequently, tissue 
and flea pools from ground squirrels and prairie dogs constitute the major 
source of plague-positive records thus far ac umulated on wild-rodent plague 
in this country. a 

In more recent years there has been a growing conviction among Investigators 


of plague that rodents other than the ground squirrel and the large, conspicuous 
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FicurE 2. Rat-borne and sylvatic plague in the United States from 1900 through 1949, 


species may be more usual reservoirs of Pasteurella pestis. The colonial rodents 
are, like man, perhaps only occasionally included in plague outbreaks initiated 
by epizootics among native field mice (Meyer, 1955). In California, since 
1908, investigations have shown that plague in wild rodents was enzootic in 
three fourths of the state, and by 1952 the following 10 genera of native wild 
rodents and 2 genera of lagomorphs and/or their fleas were implicated with 
plague: Cilellus, Neotoma, Peromyscus, Eutamias, Tamiasciurus, Glaucomys, 
Marmota, Thomomys, Microtus, Reithrodontomys, Lepus, and Syivilagus (Jones 
and Street, 1956). A perusal of the California records shows that plague- 
positive. fleas have been taken from the small native field mice on numerous 
occasions. For instance, during 1943, in Monterey County, meadow mice 
(Microtus californicus), white-footed mice (Peromyscus spp.), and their fleas 
were discovered to be infected with plague in an area where ground squirrels 
were thought to have been virtually eradicated by intensive control operations 
(Jones and Street, 1956). 

Epizootiologic studies in various parts of the world have indicated that the 
mammalian plague reservoirs of primary importance are not necessarily the 
highly susceptible, conspicuous species. Some native mice that are relatively 
plague resistant may constitute the more usual reservoirs for the persistence of 
plague, as has been found in Africa (Heisch ef al., 1953, and Davis, 1953). 
Preliminary findings in California (Quan and Kartman, 1956) and in New 
Mexico (Holdenried and Quan, 1956) suggest that certain strains of native field 
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Frcure 3. United States counties in which human plague has occurred. 


mice, Microtus spp. and Dipodomys spp., are resistant to experimental plague 
infection. 

- It is important to note that some of these small rodents are generally more 
closely associated with domestic rats, Kaétus spp., in the immediate environs 


of human habitations than are the ground squirrels and other colonial species. 
The potential danger is obvious and, in the words of Meyer (1955),8 he 
increase in the population of California has given rise to two situations that 
must be taken into account. The building of suburbs ultimately makes a 
habitat unsuitable for maintaining appreciable wild rodent populations, but 
there is at least an initial period of joint tenancy by people and wild and 
commensal rodents—a condition theoretically ideal for the propagation of 
plague. The wilderness recreational areas of California have been crowded 
with more people every year. This too has increased the opportunity for 
close contact between man and reservoir animals and ectoparasites.” 

It is known that native field mice and domestic rats coexist and live in newly 
suburbanized areas, around refuse disposal sites, on ranches, in recreational 
areas, and even in city vacant lots. If plague-infective fleas from field mice 
transfer to rats, causing plague, then infective rat fleas are introduced into 
the human environment. The dangers inherent in the close association of 
wild rodents and domestic rats were recognized over 40 years ago by McCoy 
(1910). Eskey (1938) found the wild rodent flea Malaraeus telchinum on 
Norway rats in San Francisco. From an analysis of data based on 5785 fleas 
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from 4188 domestic rats caught in 13 western states, Prince (1943) showed 
that these rats harbored 15 different species of wild-rodent fleas. Meyer and 
Holdenried (1949) established the existence of plague in rats, Rattus r. rattus 
and R. norvegicus, and in ground squirrels, Cilellus beecheyi, on a ranch in 
Ventura County, Calif. Rat fleas were not found on the squirrels, but 25 per 
cent of the fleas taken from the rats were squirrel fleas, Diamanus montanus 
and Hoplopsyllus anomalus. ‘These authors concluded that plague was trans- 
ferred to the rats by these wild-rodent ectoparasites. 

Although this introduction has merely presented a few of the more important 
facts concerning plague in the western region of the United States, it is suffi- 
cient to indicate that studies of plague in this country have only scratched 
the surface of the formidable epizootiological complex represented by the 
phrase “wild-rodent plague.” There is a definite need for intensive ecologic 
studies to elucidate the host-ectoparasite-disease relationships in plague foci, 
especially those found near human populations. The hazard of plague to the 
public health at present cannot be accurately evaluated therefore, and only 
ill-defined recommendations can be made for safeguarding humans against 
the enzootic plague reservoir. It is generally agreed that, while it is impracti- 
cable to attempt the control of wild-rodent plague on a wide scale, natural 
plague foci should not be permitted to exist where they threaten human 
populations. The potentially dangerous nature of natural focal localizations 
or “‘nidi’”’ of diseases transmissible to man have been described in detail by 
Pavlovsky (1955). It is now somewhat vaguely suggested that plague-free 
zones should be maintained by the elimination of foci around populated areas 
or places temporarily inhabited by man. This concept is confronted at the 
outset by the paucity of techniques for determining rapidly the presence or 
absence of plague in a given area. Furthermore, the currently meager knowl- 
edge of the ecology of plague precludes a sound judgment of such basic con- 
siderations as the weakest link in the infection chain, the seasons of prevalence 
and quiescence, practical protective zones, and the types of habitats, reservoirs, 
and wild-domestic rodent contacts that may harbor plague locally and present 
a threat to humans. 

Pioneering work on plague ecology in California has been done by a group 
of scientists formerly at the University of California, Hooper Foundation, 
Berkeley, Calif. (1939 to 1946), under the direction of K. F. Meyer. These 
studies did much to show the direction in which modern concepts of plague 
ecology must travel. More recently, the Communicable Disease Center 
(CDC) of the Public Health Service established a field station at Santa Fe, 
N. M. (Holdenried, 1951), where studies of plague ecology in small native 
rodents were carried out during a three-year period. During the last six years 
the San Francisco Field Station of the CDC has initiated field and laboratory 
studies on the ecology and control of plague in the San Francisco Bay area 
(Kartman, Miles, and Prince, 1958; Miles, Kinney, and Stark, 1957), and on 
the control of enzootic plague in Hawaii (Kartman and Lonergan, 1955a 
and 1955b). It would be beyond the scope of the present paper to discuss 
sylvatic plague on a world-wide basis. We shall, therefore, attempt to give 
an account of our own investigations in the western United States, and to 
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Suggest what the present position is in regard to various ecologic problems 
and to control. Each item will be discussed under appropriate headings. 


“The history of sanitary legislation has been a reflection of the evolution of theories 
and knowledge of the epidemiology and control of the relevant communicable dis- 
eases.”’—H. S. Gear and Z. Deutschman (1956). 

PLAGUE IN THE UNITED STATES AND THE INTERNATIONAL 
SANITARY REGULATIONS 


; The fascinating history of quarantine practices has been told recently by 
“Hirst (1953) and briefly summarized by Gear and Deutschman (1956). Plague 
sis one of the so-called quarantinable diseases against which legislation has 
Fbeen primarily directed from the time of the early sanitary conventions to the 
ppresent International Sanitary Regulations (World Health Organization, 1951). 
‘In modern practice, quarantine regulations on plague deal with rodent control 
yon ships and in ports, the isolation of human contacts or actual plague cases, 
«and disinsectization of ships and aircraft. Article 51 of the International 
Sanitary Regulations specifically states: ‘‘Each state shall employ all means 
‘in its power to diminish the danger from the spread of plague by rodents and 
their ectoparasites. Its health administration shall keep itself constantly 
informed by systematic collection and regular examination of rodents and their 
-ectoparasites of the conditions of any local area, especially any port or airport, 
infected or suspected of being infected by rodent plague.” 
The theoretical basis for these rules is rapidly becoming obsolete. The extent 
and severity of plague epidemics has significantly declined throughout the 
world, and it should not be long before most ports will feel secure as the result 
of the reduction of rat populations and because of adequate medical facilities. 
Nevertheless, there is a growing cognizance that, even when the danger from 
| rats has been lowered, the danger of carryover from wild-rodent sources is 
still a fact to be considered seriously. Thus the World Health Organization, 
Expert Committee on Plague (1953) stated: ‘“Taking into consideration that 
the relationship between wild-rodent and domestic-rodent plague has not 
been fully elucidated, it was further recommended that countries in which 
plague is still endemic should undertake systematic studies on ecologic lines to 
establish the comparative importance of wild- and domestic-rodeut species in 
the maintenance of the plague reservoir, and that particular attention should 
be given to a comprehensive investigation of the vector ability and survival 
of plague-infected fleas under different conditions of temperature and humidity, 
both in the laboratory and in the field.” 
In the above quotation we have italicized the word ‘‘ecologic’’ since this 
is the area of investigation least understood in modern concepts of the plague. 
As will be seen in other sections of this paper, plague ecology is now the chief 
concern of the San Francisco Field Station, even though routine surveillance 
of formerly plague-infected port cities is still maintained. It has been suggested 
(Gear and Deutschman, 1956) that plague in rural rodents need not be given 
very much consideration in international traffic. However, it appears obvious 
that as long as wild-rodent plague represents a possible source of the infection 
to urban areas, it must be considered in the philosophy of quarantine. We 
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have isolated plague-infected rat fleas from the port of Tacoma, Wash., on at 
least two occasions in recent years. Surveys in that port have shown that 
microtine rodents live in close contact with domestic rats in vacant lots and 
other areas of the city. Thus there exists the strong possibility, until proved 
otherwise, that rats had acquired plague from wild-rodent sources. Actual 
transfer of plague from native field mice to rats has been found in our studies 
in the San Francisco area (Kartman ef al., 1958). The fact that transfer of 
plague actually does take place under modern conditions of sanitation empha- 
sizes the thin tissue of protection now afforded humans living in certain areas. 
It would probably take only a slight breakdown in present conditions to allow 
an increase in plague to spread to domestic rats. Under disaster or emergency 
conditions such a spread could be explosive. With present rapid means of 
travel, an infected person could move thousands of miles away from the syl- 
vatic plague source before the onset of clinical symptoms. 

We can conclude only that the international danger of the spread of plague 
from wild to domestic reservoirs is at present not subject to clear definition. 
More intensive ecologic studies are needed for an exact delimitation of wild- 
rodent plague and for an intelligent assessment of its epidemic potential. It 
would seem that, until such knowledge is available, the international sanitary 
code must give proper recognition to sylvatic plague as an international menace, 
and not treat it merely as a disagreeable local phenomenon. 


“The ecology of wild-rodent plague is most complex; to unravel it is like follow- 
ing the different voices in a Bach fugue, except that in plague the basic design is un- 
known.”—P. C. C. Garnham (1949). 


Some EcoLtocic FActTors IN SYLVATIC PLAGUE 


Rodent Species Involved 


It is recognized (Pollitzer, 1954; Macchiavello, 1954) that both mammals 
and fleas may serve either as reservoirs or vectors of plague. The important 
factor in the occurrence and transmission of plague is not simply whether or 
not the mammal or flea is a reservoir or a vector, but the degree to which it 
serves in either capacity, and what species is involved. Macchiavello (1954) 
lists 344 mammal and 2 bird species that have been reported from various 
parts of the world as being experimentally infected, as naturally infected, or 
from which plague-infected fleas were removed. The great majority of these 
mammals are rodents, of which 67 species occur in the Nearctic region. Tables 
presented by Pollitzer (1954) and by Macchiavello (1954) include certain 
rodents that were easily infected experimentally with plague and thus presumed 
to be of importance. However, as will be pointed out later, some rodents 
that have been proved to be ecologically implicated with plague are quite 
resistant when tested in the laboratory. These rodents may actually be of 
greater importance to the perpetuation of the disease, though they do not 
exhibit spectacular die-off rates. 

Rodents of the family Sciuridae are of great importance in plague. They 
have been involved in contacts with humans under sylvatic conditions and 
have transmitted plague directly to man more often than have other rodent 
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‘families in the United States. All these rodents are diurnal and fairly large, 
sand are therefore more frequently observed by man. Cynomys, noted for its 
»colonial habits, is most frequently involved in the spectacular die-offs in which 
whole prairie dog towns covering hundreds of acres have been virtually extir- 
pated. Among other rodents, cricetine and microtine species have yielded 
-plague-positive fleas and tissues on a number of occasions, but no spectacular 
-die-offs have been observed as in the case of prairie dogs. Most of these 
animals are nocturnal, and all are small and inconspicuous, thus permitting far 
less chance for gross observation. Eskey and Haas (1940) reported plague in 
epizootic form among Veofoma, the pack rats. Field workers noticed many 
deserted nests of this animal. When opened, these nests revealed dead animals. 
Although plague was not isolated from their tissues, the organism was found 
in fleas removed from the nests. 
Recently, new views have developed as to which rodents constitute the 
basic plague reservoir. Multimammate mice in South Africa are considered 
almost entirely responsible for transfers of wild-rodent plague to Rattus (Davis, 
1953). Heisch ef al. (1953) in East Africa and Baltazard ef al. (1952) in 
Persia consider resistant rodents to be basic plague reservoirs. Holdenried 
and Quan (1956) found that various rodents in New Mexico were resistant to 
experimental infections of plague. Data presented below show a correlation 
of plague resistance and the actual occurrence of plague in some small rodent 
populations in the San Francisco Bay area of California. 

One of the first objectives in ecologic studies conducted in San Francisco was 
to determine areas of association between domestic rats and wild rodents, 
and to detect exchange of fleas between these wild rodents and domestic rats. 
Hooper (1944) recorded 43 species and subspecies of native rodents from 9 
ecologic associations in the San Francisco Bay area. In our studies, 12 native 
rodents were found in association with 3 species of domestic rodents in 4 
ecologic associations as follows: (1) Salicornia-marsh association, (2) bunch- 
grass meadow association, (3) sage-coyote brush association, and (4) riparian 
association. Of the 12 rodents, at least 4 were found to commingle with rats 
in significant numbers. These were Microltus californicus (2 subspecies), 
Reithrodontomys megalotis (1 subspecies), Peromyscus maniculatus (1 subspecies), 
and Citellus beecheyi (2 subspecies). All ecologic associations encountered 
were variously modified by suburbanization, industrialization, or farming. 
The trap sites may be characterized as follows: dumps, hog farms, dairies, 
parks, highway developments, factories, feed mills, and food-packing plants. 
All of these were located close to the bay or in mountains yet unclaimed by 
suburban developments. Five mammal groups, all belonging to orders other 
than Rodentia, were encountered. Only one group, Sorex (3. species), was 
taken in significant numbers. All of the individuals in the remaining 4 groups 
constituted about 1 per cent of the total capture. PABLE 1 presents a list 
of the most important mammals trapped, in descending order of pn ey 
of capture. The data presented are from a study by Miles ef al. (1 ao and 
from subsequent and more detailed studies made in some of the ie Bey 
plague was found. The mammals listed constituted virtually 100 oe oe 
of the total captures. The remaining 10 mammals, not shown, were capturec 
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TABLE 1 


Witp MAMMALS TRAPPED FROM THE SAN FRANCISCO BAY REGION OF CALIFORNIA IN 13 
AREAS WHERE DoMmESTIC RODENTS WERE PRESENT 


: Approx. dis- 
b fie) t Fl dex 

Species collected” tapped | of total | (all species) | ‘te Balma 
Microtus californicus 2442 60.0 ae = a 
Peromyscus maniculatus 528 12.0 s ied 
Reithrodontomys megalotis 454 1 1 0 3 : "4 on 
Rattus norvegicus 273 7 .O ae a 
Mus musculus 237: 6.0 ; : 
Sorex sp. 110 4330) 0.4 | not known 
Citellus beecheyi 239 ih OSS eos ae > 500 


* A total of 37 individuals of 10 additional mammal species were trapped, or about 0.9 
per cent of all animals taken. 


incidentally. Either they were not in close association with feral rats, or they 
were present in very limited numbers. 

It will be noted that the ground squirrel Cifellus beecheyi has the greatest 
number of fleas per host. However, squirrel fleas are usually highly host 
specific, thus tending to minimize the importance of commingling with domestic 
rodents. Microtus accounted for the greatest number of fleas taken from all 
areas, Peromyscus and Rattus each having lesser concentrations of fleas. Sorex, 
Reithrodontomys, and Mus had very low concentrations of fleas. 

The first conclusive evidence of plague transfer from wild rodents to rats 
was reported by Meyer and Holdenried (1949) in an ecologic study of a plague 
epizootic in a feral colony of rats closely associated with C. beecheyi. The 
authors indicated that squirrel fleas were involved in the transfer. The work 
by Miles e¢ al. (1957) suggested that in suburban areas there may be frequent 
flea interchange between smaller rodent species and rats. Microtus californicus 
appeared to be of greatest importance as regards flea exchange in the areas 
studied. In areas where the concentrations of both ratsand small rodents were 
fairly equal, the index of fleas on alternative hosts was considerably higher 
than in areas where one or the other host predominated. 

Blair (1940) has shown that the home range of small rodents such as Microtus 
probably is quite restricted, most individuals spending an entire lifetime in an 
area smaller than one acre. Grids of live traps were used in our more detailed 
studies of certain areas. The interval that seemed to have the best results 
was 30 feet. Our findings indicated that the ranges of the small rodents were 
quite limited. The range of Peromyscus extended relatively farther than that 
of other native rodents. Hayne (1950) discussed the relative merits of grid 
trapping, and the subject will not be pursued further. 

In the San Francisco Bay area, Microtus was definitely confined to meadow- 
bunch grass association and rapidly gave way to other species as the ecologic 
association changed. In one area, rats and mice (Mus) were located only in 
Salicornia association bordering the bay, while Microlus and Reithrodontomys 
were in an adjoining grassy area. The line of demarcation was both definite 
and constant. In most other areas where domestic rats were encountered, 
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Microtus and other wild rodents were repeatedly observed to coexist in the 
same niche; however, the rats dominated their particular home territory. 
Rats usually build burrows underground and within trash piles, if these are 
available, and they usually persist in a given area until environmental pressures 
force them tomove. Kartman ef al. (1958) noted for a brief period the presence 


of rats along a small stream a short distance from a hog farm. Following a 


poisoning campaign at the environs of the hog farm by the owners and by 
county health authorities, the rats disappeared from the stream location, 
perhaps returning to the hog farm, where the pressure from the previously 
larger population was eliminated. Mucrotus usually were observed to build 
their nests either above ground ina protected place or about 12 inches beneath 
the ground somewhere in their intricate tunnel systems. It may be that 
Microtus, like other rodents, builds two types of nests: a resting nest built by 
all individuals, and a breeding nest built only by females for rearing young. 
It appears, therefore, that the location of Microtus nests is a product of the 
type of area. In loose sandy soils the nests were invariably located under- 
ground; in heavy claylike or soggy soils they were built within dense clumps 
of vegetation (usually in Juncus sp.) or at the base of shrubs (Baccharis). 
Peromyscus and Reithrodontomys nests were difficult to find; they seemed to 
be located mainly above ground in shrubs. The predominant rodent of the 
sage-coyote brush association was Peromyscus. The heaviest concentration 
of fleas occurred on Microtus; this may be due primarily to the nest-building 
habits of this rodent. 

The unexplained complexity of sylvatic plague ecology is exemplified in the 
following account of recent observations in one of our study areas near San 
Francisco. During November 1956 it was evident that a spectacular disap- 
pearance of Microtus was taking place; this apparently had its beginning in 
mid-October. Six rodents were taken from the dwindling population of the 
area and autopsied to determine the possible presence of disease. Nothing 
was detected in the blood, in histological sections and animal inoculations of 
brain, liver, spleen, heart, or lungs of the rodents, or from flea inoculations of 
laboratory mice. The Microtus population remained low until the beginning 
of April when trapping was extended to include all areas plague-positive in 
previous years in northern San Mateo County (south of San Francisco). The 
first trappings produced plague-positive findings simultaneously in 5 areas and, 
in 2 more weeks, a total of 7 positive areas had been located. After the first 
plague finding, new trapping grids were established in a section of the area 
that looked most promising for a study of the physical extent of wild-rodent 
plague. The predominant types of flora and fauna in this area were: grasses 
and few forbs, the California vole Microtus californicus, and the fleas Malaraeus 
telchinum, Hystrichopsylla linsdalet, and Alyphloceras multidentatus. M. 
californicus constituted more than 90 per cent of the rodent hosts. 

From April 16 through July 3 the capture of Microtus per trap day rose 
from 6 to more than 60. Plague was detected each week during that period 
by inoculations of flea pools into laboratory mice, by plate culture of individual 
fleas, and by cultures from occasional Microtus found dead in the field. No 
generally adverse effect on the Microtus population was noted. Mucrotus 
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nests were removed at intervals, and some Microtus were taken for tissue and 
serologic tests. Fleas from 38 nests were examined for plague and 5 contained 
P. pestis. Eight Microtus were found with plague-positive tissues. The 
study showed that plague was not limited to a single ecologic niche, but was 
found in various types of biotic communities in which Microtus and its fleas 
were present. 

Three significant findings were made during this study: 

(1) Plague occurred after the decimation of a “stable” Microtus population. 
No plague had been detected from October 1955 to April 1957, at which time 
it became evident in a Microtus population that had dropped below the level 
of associated rodent species, that are usually considerably less numerous than 
the predominant vole population. 

(2) The Microtus population increased rapidly at a time when plague was 
being found in about 1 per cent of the fleas taken from the animals and from 
their nests and in the tissues of some of the rodents. 

(3) In view of the fact that neither plague nor any other disease agent was 
detected in the Microtus during the October-April period, there is at present 
no explanation for the extreme reduction of the population at a time when 
Microtus populations in other areas appeared stable. 

Other reports of reductions in vole populations have been attributed to 
extreme competition for food. However, in the present case there was an 
ample supply of food and nesting material at all times. It is notable that 
plague was found in all 7 areas within a span of 3 weeks without any obvious 
warning of its presence. Thus it became apparent that plague appeared at a 
level readily demonstrable in the laboratory, but without creating a noticeable 
effect on the Microtus or other small wild rodents over a wide area. As noted 
above, plague appeared after a decline and during a rise in the Microtus popula- 
tion. Heisch (1956) notes, in his studies of sylvatic plague in Africa, that 
outbreaks usually coincided with an increase in the wild rodents. However, 
unlike the Microtus in our studies, the African rodents were reported to decline 
suddenly at times, due to plague. On the basis of present knowledge, it would 
be difficult to speculate on this mechanism of epizootic plague and impossible 
to explain it. We feel that the highly resistant Microtus population and its 
fleas constitutes the modus vivendi of wild-rodent plague in this area. How- 
ever, the mode of operation of the complex is still obscure. 

The ecologic information gathered thus far points to the importance of the 
occurrence of small rodents as related to the perpetuation of plague in an 
area. Turthermore, a given area is able to support greater numbers of small 
individuals than of large ones. The smaller native rodents may thus be a 
basic link in the plague chain, serving as reservoirs of the organism during 
periods of apparent quiescence and supplying the source of infected fleas that 
may transfer the disease to domestic rats and then to man. 


Rodent Susceptibility 


The rodent hosts of Pasteurella pestis not only vary in epizootiological 
importance, but also show marked differences in ecology. Some of the factors 
underlying these variations are evident and known; one is the experimental 
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susceptibility to infection. Correlation of human infection with sylvatic 
plague in Transbaikalia and Mongolia was well recognized in 1850, according 
to references cited by Pollitzer (1954). At that time, the susceptible Siberian 
marmot was implicated in plague epidemics. A hypothesis pointing to wild 
rodents as the reservoir of sylvatic plague was proposed in 1910 by McCoy 
(quoted by Pollitzer, 1954, p. 265). After finding insusceptible ground 
squirrels in plague foci in California, he concluded “‘that this partially resistant 
race of rodents will, if not vigorously attacked, perpetuate the disease for many 
years.” Later, from an extensive series of investigations on California ground 
squirrels, Meyer (1942a) explained that ‘‘at the apparent termination of the 


- epizootics, both susceptible and resistant rats or squirrels may survive and inter- 


breed, furnishing sufficient hosts to maintain the infectien in a smoldering 
non-readily recognizable state.” Recently, Baltazard and his associates 
(1952) were satisfied that in Iranian Kurdistan the Meriones subspecies, which 
were somewhat resistant to infection with P. pestis, were an important reservoir 
of the disease. Some investigators (Meyer, 1942b; Tinker and Kalabukhov, 
1934) found that young squirrels were highly susceptible to laboratory plague 
infections. 

That rodent species somewhat resistant to infection are important reservoirs 
of sylvatic plague has been confirmed in our laboratory, and we believe that 
the highly prevalent and resistant meadow vole Microtus californicus is a 
significant factor in the sylvatic plague reservoir in the San Francisco Bay area. 
However, it is not yet known what this resistance is, or how it fits into the 
ecologic puzzle. Also, it is not known what part is played by other rodents, 
some of which are highly susceptible, but may have an increased resistance 
during estivation or hibernation; some species have been found infected with 
P. pestis and thus may serve as temporary reservoirs. The relative suscepti- 
bility to the plague bacillus has been determined for only a few of these rodent 
species. ; 

Recent studies were directed toward elucidating the susceptibility to P. 
pestis infection of all the species of rodents within relatively small areas. In 
Santa Fe, N. M. (Holdenried and Quan, 1956), about 400 individuals of 21 
wild rodent species were compared with a highly susceptible strain of white 
laboratory mice by intracutaneous inoculation of 0.05 ml. of aqueous 1 per 
cent peptone dilutions of a virulent strain (Alexander) isolated earlier from 
a human case in New Mexico (Link, 1950b). In the San Francisco Bay area 
(Quan, unpublished data) about 1100 animals of 5 wild-rodent and 2 feral 
domestic species were identically compared, but im ‘San Francisco guinea 
pigs and white laboratory rats (Sprague-Dawley strain) were used as controls 
in addition to white mice. The intracutaneous route of inoculation was em- 
ployed in these tests because the investigators felt that this route best simulated 
the bite of the flea, a natural method of plague infection. ear 

Although the rodent species tested in New Mexico and in California were 
different in the main, one fact was outstanding in the results: both areas were 
inhabited by rodent species varying from highly susceptible to completely 
resistant individuals (TABLE 2). Holdenried and Quan (1956) have divided 


these into 4 groups, as follows: 
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TABLE 2 
APPROXIMATE PLAGUE LD; 9S OF SOME OF THE SPECIES OF RODENTS TESTED 


In New Mexico AND CALIFORNIA 
Santa Fe, N. M. San Francisco, Calif. 
Rodent species = = — 
No. tested | Approx. LDs0 No. tested Approx. LDs0 
Citellus variegatus 9 > 104 0 — 
Dipodomys ordii = | Pa , _- 
D. spectabilis : ' ne 
Microtus californicus 0 — | 461 >104, <i 
M. longicaudus 15 > 104 0 — 
Neotoma albigula 32 <10 0) — 
Onychomys leucogaster 10 > 104 0 = 
Peromyscus boylit 11 << 10% 0 a 
P. leucopus 49 <10 0 — 
P. maniculatus 53 <a 273 L085 
P. truei 74 <10 2 > Ls 
Reithrodontomys megalotis 8 <10 148 <10 
Thomomys tal poides 9 > 10# 0 —_ 


*R = refractory to intracutaneous inoculations of about 10° Pasteurella pestis. 


Highly susceptible. Approximately the same susceptibility as white labora- 
tory mice, having an LD5 of less than 10 virulent plague bacilli by intra- 
cutaneous inoculation; for example Reithrodontomys megalotis in both New 
Mexico and California. 

Susceptible to slightly resistant. The majority died from 1 to 1000 mouse 
LD50s (mouse LD5» about 10 organisms); for example, Peromyscus maniculatus 
rufinus, P. boylii rowleyi of New Mexico, and Rattus norvegicus of California. 

Moderately resistant to resistant. Some deaths with doses greater than 1000 
mouse LD5os; for example, Microtus longicaudus mordax and Onychomys 
leucogaster pallescens of New Mexico, and Microtus californicus and Peromyscus 
maniculatus of California. 

Highly resistant to refractory. No deaths with doses of about 1 million viru- 
lent Pasteurella pestis; for example, Dipodomys ordii medius in New Mexico. 
The susceptibility of a rodent species could be estimated and classified in one 
of the above groups by intracutaneous inoculation of as few as 2 or 3 animals 
each with undiluted 10% and 10~ dilutions of a 24-hour second-transfer brain- 
heart infusion broth culture of a virulent P. pestis strain grown at 28° C. Such 
a culture usually has 100 million to 300 million organisms per milliliter. 

An observation of importance made in Santa Fe and in San Francisco was 
the lack of noticeable die-off of rodents during plague epizootics. When P. 
pestis was found in New Mexico (Holdenried and Morlan, 1955) no decrease in 
rodents per trap per night was detectable. In the San Francisco Bay area 
epizootic (Kartman ef al., 1958) Microtus were primarily involved, but here 
again there was no decrease in the Microtus count. 

_ The finding of more resistant ground squirrels in California plague foci than 
in plague-free areas (Meyer, 1942b) is well known. In an attempt to check 
this variance at Santa Fe, four species of rodents (Neotoma albigula, Peromyscus 
iruei, P. leucopus, and P. maniculatus) from areas with and without plague 
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TABLE 3 
T r ~ nrr , Ar TR? 2 7 
“yah epee OF Mrerort S CALIFORNICUS, FROM VARIOUS LOCATIONS NEAR 
AN FRANcIsco, CALIF., TO INTRACUTANEOUS INOCULATION OF ABOUT ONE 
MILLION PLAGUE ORGANISMS, PASTEURELLA PESTIS 


Number used Per cent dying 


Host location | fone = = 
Males | Females Total Males Females Total 
San Francisco game he L643 78 150 1259 12.8 12.6 
refuge 

Central Hog Farm + 40 40 80 OS) 10.3 il 
Colma Creek | ? 1 =t9 31 50 15.8 9.7 1250 

_ Assoc. Hog Farm ? | Li pe 29 30 Dee. Paleal 23.4 
South San Francisco — | 49 54 103 67.5 64.8 66.0 


were compared. No difference was observed in the degree of susceptibility 
of the comparative groups of these rodent species. It is yet impossible to 
explain precisely these contradictory results. One reason may be the difference 
in species employed. Another possible explanation is that plague-free or 
plague-positive areas in Santa Fe could not be delineated exactly. The impor- 
tance of geographic separation is indicated (TABLE 3) by the finding that in a 
well-isolated area in south San Francisco, where Pasteurella pestis has not been 
found, Microtus were susceptible to plague infection (Quan and Kartman, 1956). 
It should also be pointed out that in the California plague foci studied by Meyer 
(1942b) and by the present authors, P. pestis has been found many times and 
probably has a continuous existence, while the status of plague in northern 
New Mexico has not been determined. 

In spite of reports of varying degrees of infection in Meriones (Lobanov and 
Federov, 1938) and in susliks (Gaiski, 1926) during different times of the year, 
Davis (1948) stated that “rodent epizootics, whether in wild or domestic 
species, do not show any marked seasonal incidence.” Our data (TABLE 4) 
substantiate this observation, since no significant seasonal differences were 
noted in tests with three species of wild rodents at different times of the year. 
On the other hand, studies at the Hooper Foundation (Meyer, unpublished 
data) have shown that guinea pigs were more resistant to experimental plague 
from October to March than at other times. Evidence of hibernation as a 
factor in the prolongation or modification of P. pestis infections in rodents also 
needs further elucidation (see Pollitzer, 1954 for review). The general impor- 
tance and specific effects of season on wild rodent plague is but poorly under- 
stood at present. 

The factors of age and sex of host also need further study. Meyer (1942b) 
reported that young ground squirrels were most susceptible, adult males less 
so, and adult females least so. Pollitzer (1954) felt that the higher suscepti- 
bility in young wild rodents was more apparent than real, since it was possible 
that the higher resistance of adults was due to hibernation. Also, in contrast 
to the above, Tinker and Kalabukhov (1934) found adult males more resistant 
than adult females. Our own results (TABLE 5) with Microtus do not show any 
marked differences either in the age (based on body length) or in the sex of the 
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TABLE 4 


MorvALity FROM PLAGUE OF 3 SPECIES OF RODENTS TESTED AT DIFFERENT MONTHS OF 
THE YEAR IN SAN FRANCISCO, CALIF. 


Number dying/number tested,* and death rates among indicated species 


Month, year of test Microtus californicus oe Re ae 
inerd susceptible muerte susceptible 

February 1955 8/44 | 0.18 — DL Oa le 3/4 0.78 
January 1957 2/31 | 0.06 6/7 0.86 5/25 | 0220 8/111 One 
March 1957 11/43 | 0.25 — 9/49 | 0.18 3/9 0.33 
April 1955 5/24 | 0.21 —_— | 1/9 Onn 7/10 | 0.70 
May 1954, 1955 5/19 | 0.26 | 17/28 | 0.61 | 1/34 | 0.03 | 20/36 | 0.56 
June 1955, 1956 14/42 | 0.33 | 30/39 | 0.72 = 8/13 |..0062 
July 1956 3/19 | 0.16 4/4 1.00 1/10 | 0.10 4/12 | 0.33 
August 1955 2/8 0.25 | 10/21 | 0.48 LBZ ae. 3/7 0.43 
October 1954 5/42 0.2) | 4/46 | 0.09 | 22/25 | 0.88 
November 1954 PH Alig | AV a — 2/9 Of22 2/8 0325 
December 1956 23/68 | 0.34 4/5 0.80 | 2/42 0.05 6/13 | 0.46 
avers as tt arcs ck ee Sopa 80/357] 0.22 | 71/104) 0.68 | 34/273) 0.12 | 86/148] 0.56 


* All rodents received 0.05 ml. intracutaneously containing varying numbers of Pasteu- 
rella pestis. 


TABLE 5 


SUSCEPTIBILITY TO EXPERIMENTAL PLAGUE OF MICROTUS CALIFORNICUS ACCORDING TO 
SEx AND AGE* 


Body length (mm.) from tip of nose to tip of tail 


105 to 130 131 to 150 151 to 170 171 to 190 All lengths 


| | 
No. | Per No. | Per No. | Per N P Ni 

No) Niet T No. er o.| Per 

za dy- | cent thr dy- | cent ae dy- | cent No. dy- | cent No. dy- | cent 


ing | dying ing , dying ing dying © ing | dying used ing | dying 


Male "13 | 4 | 12.2} 68) 20 | 12.1) 90) 20 | 10.6 27 | 10 | 34.4) 198! 54! 4909 
Females 920) | Po) ls.3) 98919 ees 99) 31-1, 16.4), 2 1| 3.4) 219; “S6) cigies 


Totals 33 | 9 | 27.2) 166) 39 | 23.4) 189) 51 | 26.9) 29 | 11 | 37.9] 417] 110] 26.3 


* As determined by body length. 


rodent. However, some of the groups tested had too few individuals to furnish 
conclusive results. 


Flea Species Involved 


wa) priort every flea is a potential vector; whether a particular species of 
flea is actually a significant vector is another matter” (Jordan, 1948), 
Pables of flea species implicated with plague in nature and in the laboratory 


Kartman ef al.: The Ecology of Sylvatic Plague 683 


are presented by Pollitzer (1954) and by Machiavello (1954) who list locality, 
hosts, and epidemiologic findings. There are certain important ecologic 
relationships that affect a flea’s importance in connection with plague, and 
these relationships are observable mainly in the field. Some of these are: 
(1) the natural plague-infection rate of different flea species, (2) flea-host 
relationships, (3) flea-nest relationships, (4) abundance of different species 
seasonally, on hosts, and in nests, (5) geographic location of fleas and, finally, 
(6) the natural systematic relationships of flea complexes or individual species 
to plague vector capacity. 

On a world-wide basis, the following are some oi the fleas thought to be 


important in plague (Costa Lima and Hathaway, 1946; Jellison and Good, 


1942; Jellison ef al., 1953; Macchiavello, 1954; Pollitzer 1954): Dinopsyllus 


—ellobius, Neopsylla setosa, Leptopsylla segnis, Diamanus montanus, Nosopsyllus 


| fasciatus, Orchopeas sexdentatus, Polygenis gwyni, Clenocephalides felis, Echidno- 
| phaga gallinacea, and in the genera Thrassis (particularly acamantis and 
bacchi), Oropsylla (particularly idahoensis and_ silantievi), Opisocrostis, 
_ Malaraeus, Monopsyllus (particularly anisus and wagneri), and Xenopsylla 


(particularly cheopis, astia, and brasiliensis). Recently Blanc (1956) has 
restated the case for Pulex irritans as an important vector in certain regions. 
This list contains but a fraction of the number reported in laboratory and field 
investigations concerned with plague. It would probably be cut in half, and 
then again enlarged by the addition of many different fleas if the actual ecologic 
importance of each flea to plague could be considered and compared. Kartman 
(1957) has proposed a guiding model in this direction by suggesting a method 
that combines field and laboratory findings to provide a single comparative 
rating. Although detailed data are required for such information, they are 
justified for those flea species implicated in wild rodent plague ecology. 
During recent work in the ecologically and geographically limited area around 
San Francisco, certain species were studied quite exhaustively in relation to 
plague. Some of the findings are presented in detail by Miles ef al. (1957) 
dealing with a preliminary study of 13 areas in the vicinity of San Francisco 
Bay, and by Stark ef al. (1958) reporting an intensive ecologic study of 
one area where plague was found. TABLE 6 (compiled from data of 
these studies) shows flea relationships with the hosts from which they were 
taken. It should be noted that these data present figures on the percentage of 
occurrence of a given flea species (Miles ef al., 1957). This was defined as the 
index of a given flea on a particular host as the percentage of all flea-host 
indices of that flea. The resultant numerical values compensate for the 
disproportionate numbers of hosts obtained, thereby modifying the significance 
of the usual index (mean number of fleas per host) and, in addition, may be 
somewhat diagnostic of the host preference of the flea. A simple listing of 
host-flea records (as, for instance, Microtus californicus with ten-odd species of 
fleas) only serves to clutter current literature without providing significant 
information. It is felt that the number of species of fleas on a given host is 
directly proportionate to the frequency of capture of the host involved, and 
this must weight the literature considerably. Of concern to plague-ecology 
studies are the fleas that appear in large numbers. Vertical and horizontal 
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TABLE 6 


Hosr RELATIONSHIPS OF FLEAS COLLECTED FROM MAMMALS IN 13 AREAS IN THE 
San Francisco BAy AREA 


*4 017, Reithro- |Peromys-|Microlus Werte Mas 
ELOStas ClO OmeE mimi iivmtee teers iaia Sorex sp. aenee os ons ae best eee nice SsCHUrG 
Number examined,............. 110 23 454 528 2442 273 273 
- Mls] B18) eye oy | ee rel ee ee 
Flea species 3 : 2 2 3 | 2 3| 2 lz 2 : 3 . 
eee) @ | oh ge ee ale Neal tae 
cm |en| & |e | ms |e |e feel fe | eal Be | ee ee 
Hystrichopsylla linsdalet 0.02) 30 08 14:0.43/74:0.05) 9.0 
Atyphloceras m. multiden- 0.08, 14.0 09,16/0. 27/47/0.14/24.0 
tatus i 
Corrodopsylla c. obtusata \0.14, 97 eS | 
Catallagia wymant 0.10) 8] 0.04) 3/0.07) 6,0.38/31|0.48/38/0.16)13 .0/0.01| 1.0 
Leptopsylla segnis | 0.01 3/0.01) 3|0.25 76.00.06 18.0 
Diamanus montanus 32-2 100) = aihg) it OL) (O73 
Nosopsyllus fasciatus 0.01} 1) 0.09) 60.03} 2'0.07| 5|/0.07) 5)1.10|76.0/0.07| 5.0 
Opisodasys k. nesiotus 0.04) 2 0.05) 3/1 -60/92)0.03, 2| * | 0.3)" % a@eee 
Monopsyllus w. ophidius 0.08/64/0.01) 8)0.03|24.0) * © 4.0 
Malaraeus telchinum 0.16) 3) 0.4 10.08) 1/0.57)114.0 |74,0.48) 9.00.07) 1.0 
Hoplopsyllus anomalus 5.8 100 
Xenopsylla cheopis | * | 3/0.16/94.0)-.*) | eoau 


* Value less than 0.005; never more than 1 flea involved. 


comparisons of the percentage of occurrence (TABLE 6) provide an indication of 
host specificity of the flea (or the degree of acceptability of the host) and num- 
bers of flea species with high occurrences. The percentage of occurrence 
varied slightly when data from different areas were compared. There was, 
however, a definite limit to the range of the percentage of occurrence; for 
example, that of Opisodasys nesiotus on Peromyscus was always observed to 
be'90-—. 

Specific host-flea relationships in the San Francisco Bay region may now 
be discussed. Fleas such as Clenocephalides felis felis and Dactylopsylla 
ignota franciscana were taken in low numbers, but since their ‘normal’? hosts 
(that is the domestic cat and the pocket gopher) were not considered for com- 
putations presented here, confusing values would be obtained on hosts that 
are presented. Tor this reason they are not included in TABLE 6. 

Hystrichopsylla linsdalei. This flea was found in great concentration on 
Microtus in all areas studied and, from field and laboratory findings, it was 
considered to be the most important flea in wild-rodent epizootics in the San 
Francisco Bay area. Tasie 7 shows it to have the highest percentage of 
plague-positives in the field. In the laboratory, this flea was found to have 
an experimental vector index of 0,02 as compared with 0.06 for Xenopsylla 
cheopis (Kartman and Prince, 1956). Stark ef al. (1958) present a vec- 
tor potential, computed from the vector index, field infection index, and 
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TABLE 7 
NATURAL INFECTION RATES OF VARIOUS FLEA SpEctES DURING A PLAGUE 
Eprzootic AMONG Fretp Mice, Marcu 23 ro Aprit 30, 1954 


Infection rates of indicated flea species 
; Malaraeus Histr- Atyphloceras | Catallagia | OPtsodasys : 
Collection Patches sis eck | ee. aoa. cm Other* All species 
| Per | fi Per | Ly 
- | | * B 
No. | cent | No. | cent No. | cent No. cent No. oS No. Bk No. es 
pos. | | pos. | pos. pos. pos. pos. pos. 
| = 
1 316) 10.1) 42 23.8| 26} 0 26-326 | le oor Ole 0) 425|10.8 
2 421| 5.7) 61) 9.8) 30) 3.3) 45) 0 Lb 0.) Ol S11 5585-6 
3 257| 4.2} 41) 14.6} 21] 0 251.0 9 0 0 — | 353/ 4.8 
4 180} 4.4) 28) 7.1) 17/ 5.8 30) 0 1 0 0) — | 256) 4.3 
5 132 0 28} 10.7| 16) 0 19| 0 10 0 1 0 206] 1.5 
6 | 251) 0 79 | Maeve W/o orate) iP ad IS} bal 13 0 4 0 404] 0.5 
Totals.....{1557| 4.8] 247] 11.3] 146] 2.0 | 198] 0.5 | 46 | 6.5} 8 | 0O~ |2202/ 5.0 
' } 1 


* Mainly Nosopsyllus fasciatus. 


field prevalence index, which was greater than that of any of the other fleas 
encountered. This flea appeared less likely to transfer to other hosts, such as 
rats, than did some of the other flea species. 

Atyphloceras m. multidentatus. This species was fairly abundant and showed 
a field infection index below that of Hystrichopsylla and Malaraeus (TABLE 7). 
However, these data were based on a six-week period. Studies carried on for 
a whole year with additional plague findings gave A. multidentatus a higher 
rate than Malaraeus. 

Catallagia wymani. In one study the number of individuals of this flea 
exceeded that of H. linsdalei. However, this flea was restricted to a more 
limited type of environment than other species, and was entirely absent in 
some areas where plague appeared. The percentage of occurrence for C. wymant 
sndicated that this flea had the widest range of acceptable hosts; therefore, it 
may be of considerable importance in transfer between rodents. The field 
infection rate was exceedingly low, and laboratory findings (Eskey and Haas, 
1940) indicated that it was probably not a vector of importance. 

Diamanus montanus. This flea has been found to be an efficient vector of 
plague (Eskey and Haas, 1940; Wheeler and Douglas, 1941; Burroughs, 1947; 
Kartman and Prince, 1956). Its high index on Citellus, not only in the San 
Francisco Bay area, but in <ll western states, indicates that this flea is of 
importance in plague epizootics among the ground squirrels. However, its 
importance may be restricted because cf its high degree of host specificity. 
Even in areas where opportunity for transfer was afforded (for example, to 
Rattus, which is an acceptable host to many flea species) the percentage of 
occurrence and high index (TABLE 6) indicated a rather unusual host preference. 
Nevertheless, the work of Meyer and Holdenried (1949) shows that this species 
on occasion may transfer plague to domestic rats. — in . 

Nosopsyllus fasciatus. The northern rat flea is a fairly efficient experimental 
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vector of plague (Eskey and Haas, 1940; Burroughs, 1947), being approximately 
equal in this respect to 1. linsdalei. In the areas studied in the vicinity of 
San Francisco its numbers were low, and it was not found to be infected in the 
plague areas where it occurred. However, because of its wide range of accept- 
able hosts, as indicated by its percentage of occurrence, it may be potentially 
of importance in any part of the San Francisco Bay area, where a build-up of 
the rat population would increase the incidence of this flea. In a recent survey 
of the city of San Francisco a “general index” of 1.5 1. fasciatus per rat was 
evident. However, the purpose of this survey was to avoid a general index 
and to seek out, rather, the index in relation to specific factors such as season, 
habitat of the rat, and section of the city. Surprisingly high indices were 
found in some sections of the city, which indicated that favorable conditions 
still persist in some areas for the propagation of these fleas and their rat hosts 
despite recent socioeconomic improvements. 

Opisodasys keeni nesiotus. This flea was of some importance in the plague 
picture, since it is a known experimental vector and because it had a high 
field infection rate (TABLE 7). However, Stark ef al. (1958) reported a 
rather low vector potential due to its scarcity in the areas studied. Like D. 
montanus, it appeared restricted by a strong host specificity. It may be of 
importance to plague among small rodents whenever its principal host Pero- 
myscus Sp. 1S present in fairly large numbers. 

Monopsyllus wagnert ophidius. The very low index of this flea in the 
San Francisco Bay area was rather surprising, since it is a major flea of several 
rodents over much of the United States. This finding adds one more factor 
to the uniqueness of this section of Pacific Coast flora and fauna. 

Malaraeus telchinum. This species was the most abundant flea in all areas 
studied. Its principal host, Microtus, occurred in rather limited ecologic 
environments, and the flea appeared to be restricted by the host’s distribution. 
In other parts of the United States Peromyscus is the principal host. Popu- 
lations of Microtus are always quite dense and, therefore, are conductive to 
a high flea population. The range of acceptable hosts and the degree of host 
specificity of M. telchinum were similar to those of Histrichopsylla linsdalei. 
Although laboratory findings indicated that these fleas are poor individual 
vectors at best, our field studies revealed a fairly high infection rate. This 
fact, taken in conjunction with evidence of mass transmission in the laboratory 
(Burroughs, 1944, 1947), suggests that this species may be an important sec- 
ondary vector in the field. 

Hoplopsyllus anomalus. This flea was found to be naturally infected with 
plague in New Mexico (Holdenried and Morlan, 1955) and is able to transmit 
plague (Eskey and Haas, 1940), but is probably a poor vector (Wheeler and 
Douglas, 1941). Like Diamanus montanus, it was restricted to its host be- 
cause of a high degree of specificity. 

The remaining fleas, Corrodopsylla curvata obtusata and Xenopsylla cheopis, 
were taken in very low numbers on their preferred hosts, Sorex and Rattus, 
respectively. Whether or not these two species of fleas are of importance to 
sylvatic plague cannot be ascertained from present studies. The occurrence 
of these two species in sylvan areas may be of significance. X. cheopis oc- 
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curred in large numbers on urban rats in San Francisco, being a very close 
second to Nosopsyllus fasciatus. A recent survey of San Francisco rat fleas 
substantiated previous findings that Y. cheopis occurred more frequently 
under strictly urban conditions, while the reverse was true for V. fasciatus. 

In general, there seemed to be very little correlation between the seasonal 
incidence of fleas on their hosts and the occurrence of plague. H. linsdalei 
had a uniform incidence on its preferred host, Microtus californicus, throughout 
the year. The incidence of Malaraeus telchinum followed fairly closely that 
of its host, Microtus, as indicated by trapping results. Increases in flea indices 
followed shortly behind the increase of host prevalence. The peak of M. 
telchinum occurred during and following the warmer and drier season of the 
bay region. In contrast, Catallagia wymani had its greatest incidence during 
winter and spring, and its lowest following the drier season. There were 
insufficient data to consider seasonal incidence for other fleas. 

The numbers of fleas on the host tell very little about what occurs in the host’s 
nest, where the adult fleas seem to spend a good deal of their time and on which 
the immature stages are completely dependent. Bacot and Martin (1914), 
when writing up their remarkable discovery of blocking in fleas, theorized 
on the effects of adverse climatic conditions on blocked fleas. Other workers 
ascribed the trend of plague seasons to the influence of climatic conditions on 
fleas (Petrie, 1929). However, studies of these effects on fleas and plague 
have not progressed very far. Hirst (1926) and Grubbs (1927) have postu- 
lated that, even though an infection is present, there is little danger of epi- 
demic spread as long as the Xenopsylla cheopis index remains below 1. Stewart 
and Evans (1941) considered that the value of ‘flea surveys,” in the accepted 
sense of collecting fleas from the rodents themselves, might be enhanced by 
obtaining the composition of the flea population at the openings of wild- 
rodent burrows. Davis (1939) and Macchiavello (1948) have recommended 
that the total or “absolute” numbers of fleas should be determined for surveys 
by the examination of burrows and nests. Consequently, some workers 
have advocated the use of a formula in which the absolute flea index is ob- 
tained by dividing the total number of rats into the total number of fleas 
found on rodents and in their nests. It must be emphasized here that ecologic 
studies of plague in the fleld go beyond the survey method. Other types of 
data are needed, especially in relation to the life of the flea vector in the host’s 
nest. For instance, we have found that the optimum quantity of moisture 
in nesting material was between 50 and 70 per cent, as indicated by numbers 
of fleas per nest. In nature, nesis most frequently showed the lowest moisture 
range (10 to 30 per cent) and, least frequently, the highest range (70ito 90 
per cent). Catallagia wymani flourished under relatively high moisture condi- 
tions, while Malaraeus telchinum prevailed in drier nests. This type of micro- 
enviromental investigation may reveal important factors in seasonal plague 
and the vector potentials of fleas and lead to the development of better methods 
for flea and rodent control and the laboratory culture of wild-rodent fleas. 

Finally, let us consider briefly the importance of systematics. Some of 
the material presented in this paper illustrates the need for exact taxonomic 
identification of fleas, as has been repeatedly demonstrated in the past. The 
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Plague Commission in India (1904 to 1907) found that rat fleas were involved 
in transmission of plague, but was unable to determine that two prevalent 
but similar species (Xenopsylla cheopis and X. astia) were present in the endemic 
plague area. Fluctuations in the occurrence of human plague were not ex- 
plained until these fleas had been identified and their nature determined. Of 
great significance was the fact that these fleas differed greatly in their ability 
to transmit and in their seasonal occurrence. Today confusion still exists 
as to the identity of Thrassis howelli and T. stanfordi and as to which species 
was actually involved in plague-transmission experiments (reported in Eskey 
and Haas, 1940, Macchiavello, 1954, and Pollitzer, 1954). In our field studies 
a flea of the genus Hystrichopsylla was encountered that had a higher natural 
infection rate and was a more efficient transmitter of plague than any other 
wild-rodent flea. Exact taxonomic evaluation of this species showed that 
it had previously entered the literature under a misnomer (Burroughs, 1944; 
Snodgrass, 1946; Hubbard, 1947). The flea was, in fact, a new species, and 
observations were made on it for more than four years before its specific 
determination as Hystrichopsylla linsdalei was made in 1957 (Holland, 1957). 


Vector Efficiency* 


During the course of investigations of plague by many workers the concept 
of vector capacity of separate flea species became of paramount concern. When 
the importance of strict taxonomic classification of the flea species had been 
realized, the role of these species as vectors became a critical problem in studies 
of plague epidemiology. The classic work of the Plague Research Commis- 
sion in India (1906 to 1915) constitutes the basic knowledge of the transmission 
of plague by the rat flea. The work of Bacot and Martin (1914) gave a con- 
clusive demonstration of a mechanism of the infectious process in the flea and a 
mode of plague transmission by this insect. 

Wheeler and Douglas (1941, 1945) attempted to assess the importance of 
several factors that, when combined, would give a more exact picture of the 
vector efficiency of individual fleas of a single species. They set up a mathe- 
matical model in which the factors could be combined in a product symbolic 
of plague-vector capacity. These authors postulated three potentials for 
deriving vector efficiency: (1) the infection potential is the proportion of 
fleas becoming infected after feeding on an animal with plague septicemia; 
(2) the vector potential is the proportion of infected fleas that become infective 
or blocked (Kartman ef al., 1956); and (3) the transmission potential is the 
mean number of transmissions accomplished by the infective fleas, each of 
which is fed daily upon a laboratory mouse. The vector efficiency is the 
product of these three potentials and represents the mean number of plague 
transmissions per flea. It should be noted, in the words of Wheeler and Douglas 
(1945) that “...the infection and vector potentials actually do not enter 
into the determination of vector eficiency; however, they are included to 
emphasize the fallacy of estimating the efficiency of a vector solely on the basis 
of the number that became infected or infective.” 


For a more extended discussion, see Kartman (1957). 


Kartman ef al.: The Ecology of Sylvatic Plague 689 


80 = 3d uM pe nee 


70 wv ee 
ge 
joe 
60 sae ges 
Se / 
4 
“7 ae 3 
50 ga f 
4 - 


40 


30 


PER CENT OF FLEAS BLOCKED 


5 10 15 20 2s 30 35 40 438 50 55 
DAYS AFTER INFECTIOUS FEEDING 
Ficure 4. The cumulative blocking rate of fleas Xenopsylla vexabilis hawatiensis and 


X. cheopis, which were infected with Pasteurella pestis at various days after the infectious 
blood meal. 


More recently, Kartman, Prince, and Quan (1956) and Kartman and Prince 
(1956) have utilized an additional component, the blocking-survival potential, 
to derive a vector index. It is based on a ratio of the mean day of death of 
fleas after blocking over the mean day of blocking after the infectious meal. 
This potential was suggested by the fact that the speed of blocking and the 
survival of the flea after blocking are critical factors affecting biological trans- 
mission of plague (FIGURES 4+ and 5). The shorter the incubation period and 
the longer the survival after blocking, the greater the blocking-survival po- 
tential. The vector index is the product of the vector efficiency and the block- 
ing-survival potential (or the product of the three potentials of Wheeler and 
Douglas and the blocking-survival potential). As an example, TABLE 8 
presents data from experimental tests with the native Hawaiian flea compared 
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Ficure 5. The longevity of fleas after blocking with Pasteurella pestis. 
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TABLE 8 
r * 
SumMARY DATA FOR THE DETERMINATION OF PLAGUE-VECTOR EFFICIENCY INDICES 


Flea species Xenopsylla v. hawatiensis X. cheopis 

; | 1 |M+F 
Sex M F M-+F M F 
Number used 29 beech 60 21 9 ao 
Number infected 23 28 51 21 8 2 
Number blocked * iA a . : < 
Number of transmissions | 
Blodene survival ratiot 3.5/14.5| 3.3/22.4| 3.4/18.9} 3.9/20.3] 3.0/30.9| 3.7/23-5 
Infection potential 0.79 0.90 0.85 1.00 0.88 | 0.96 
Blocking potential 0.91 0.82 0.86 0.76 0.87 | 0.79 
Transmission potential OF42 O247 1 0.45 On75 125 0.91 
Vector efficiency t 0.30 0.35 0.33 | 0. 57 0.99 | 0.69 
Blocking survival poten- 0.24 0.14 | 0.17 0.18 0.09 0.15 

tial | 

Vector index 0.07 0.05 0.05 Opie 0.09 0.10 


* From Kartman ef al., 1956. : ae. ¢ ; 
+ Mean day of death after blocking/mean day of blocking after infectious meal. 
t Vector efficiencies calculated according to the method of Wheeler and Douglas, 1945. 


with the classic vector, Xenopsylla cheopis (Kartman ef al., 1956). The 
vector indices suggest the differences in plague vector capacity of the two 
flea species under experimental conditions. When atmospheric conditions, 
plague strains, and the fleas used are carefully controlied, replications of this 
type of laboratory test will result in fairly consistent data. 

The central problem lies in the circumstance that the “‘vector efficiency” 
and the “vector index,” as now used, represent only a limited number of the 
factors actually involved in a “‘total’’ concept of vector capacity. The actual 
need is for an index that will include pertinent data from field studies. Few 
investigators would cavil at the suggestion that knowledge of the total ecology 
of a flea species would aid in evaluating its role as a vector of plague. That 
is an ideal toward which workers with many arthropod-borne diseases aim. 
Nevertheless, knowledge of detailed ecologic processes accumulates but slowly, 
and the worker must deal with the level of known facts at any particular mo- 
ment. 

Certain types of ecologic data are now fairly easy to obtain, and they may 
be included in the evaluation of plague-vector capacity. The prevalence 
of various flea species, or the flea index based on numbers of fleas per rodent, 
is almost a routine observation in field studies. Considerably less attention 
has been devoted to the flea index in rodent nests. Nevertheless, the most 
realistic flea index is one that combines data from both the rodent and its nest. 
Furthermore, no attempt has been made in plague ecology studies to obtain 
flea-infection rates based upon bacteriological tests of individual fleas taken 
from rodents and their nests. In recent studies we have paid particular at- 
tention to these factors, and TABLES 7 and 9 are examples of data obtained. 
With these factors in mind we have recently suggested and have used a model 
(Kartman, 1957) for deriving categorical values that compare flea species in a 
hierarchy of relative importance in plague epizootiology. This scheme at- 
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TABLE 9 
PLAGUE INFECTION IN FLEAS FROM NESTS AND FROM Hosts (JANUARY 1955) 


Flea species 


Findings | 
Malaraeus | Histrichopsylla | Atyphloceras Catallagia 
telchinum | linsdalet multidentatus wymani 
= pes 
Biean fleas per mest..¢.........2.: 79.0 | Del 6.7 9.7 
Mean fleas per host.............-. ! 4.7 | 0.6 0.4 0.6 
Nest fleas: per cent infected. .....| 4 | ays) 15 0 
Host fleas: per cent infected .... if | 14 23 25 


tempts to combine laboratory with field data in the following way: flea vector 
potential = experimental vector index X field infection index X field prev- 
alence index X 100. 

Although the numerical values thus derived represent a considerable amount 
of ecologic observation, we must still agree with Girard (1955) that much 
obscurity still obtains in the problem of vector capacity. Hypothetically, 
it can be postulated that, in any set of ecologic conditions governing the 
epizootic wave or the enzootic trough, the plague-vector capacity of a flea 
population is ultimately a function of the hospitality of the individual flea 
to the plague bacillus. Thus, the biochemical physiology of the flea-plague 
relationship is an absolutely necessary avenue of investigation that has been 
neglected almost completely. By the use of artificial flea-feeding techniques 
(Kartman, 1954) we have found, for instance, that certain strains of plague 
will grow normally and produce proventricular blockage in fleas when the 
bacteria are suspended in rat blood, but will not multiply when the medium 
is rabbit blood. Preliminary studies have shown that blockage in the flea 
may depend upon the number of bacteria ingested during its infectious feeding; 
a definite threshold appears to exist. Temperatures of about 20 to 22° C. 
favor the growth of Pasteurella pestis in the flea, whereas temperatures of Hedy 
and above are not only unfavorable to the ingested bacilli, but also shorten 
the life of the flea itself. The development of a proventricular block does 
not follow the same course in different flea species. In Xenopsylla cheopis 
blockage is fairly rapid, and a high percentage of individuals show initial de- 
velopment of blockage in the proventriculus. On the other hand, bacterial 
growth in most wild-rodent fleas begins in the ventriculus, and it may take as 
long as two months for proventricular blockage to occur under the same condi- 
tions. 

Although plague transmission by the individual blocked flea is an estab- 
lished mechanism in the natural history of the disease, the phenomenon of 
mass transmission must be mentioned as another mechanism that has received 
insufficient attention. As an example, it is known from the studies of Bur- 
roughs (1944, 1947) and of this laboratory that the wild-rodent flea Mala- 
raeus telchinum does not show proventricular blockage under conditions in 
which other species become blocked. Thus, plague transmission by individ- 
uals of this species almost never occurs in laboratory tests of vector capacity. 
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If we compare this flea with another wild-rodent species, Hystrichopsylla 
linsdalei, utilizing the concepts discussed above, the following data (Kartman, 
1957) result: 


Hystrichopsylla linsdalei Malaraeus telchinum 
Experimental vector index = OO Experimental vector index = 0 
Field infection index ae Oeil Field infection index = 0.04 
Field prevalence index = 0.08 Field prevalence index = 0.43 
Vector potential = (0.02 Vector potential = 0 


Although these data appear significant, they mean little, since we know that 
M. telchinum is quite prevalent in the field and has a comparatively high 
plague-infection rate during epizootic conditions (raBLES 7 and 9). A further 
indication of its importance is obtained when groups of many individuals are 
allowed to feed em masse on clean mice very soon after having fed on a mouse 
with terminal plague bacteremia. In this case plague transmission is obtained 
quite consistently. M. telchinum is therefore considered an efficient mass 
transmitter, presumably by mechanical transference of the plague bacillus 
on contaminated mouth parts. 

This mechanism of mass transmission is undoubtedly more important in 
plague ecology than has heretofore been assumed. Our own studies suggest 
that mechanical transmission by a highly prevalent flea may be the means 
by which epizootics among wild rodents flare up once they have been initiated 
by primary vectors that transmit biologically via the blockage mechanism. 
Experimental studies with Nenopsylla cheopis and mice (Quan ef al., 1953) 
showed that some of the fleas with at least partially blocked proventriculi 
were infective in the usual manner. However, the work also suggested that, 
during the first few feedings after the infectious blood meal, infection of the 
clean mice took place through the mechanism of plague-contaminated mouth 
parts being washed by saliva. Obviously, the phenomenon of mass trans- 
mission must be taken into account in the ecology of wild-rodent plague. 
Devignat (1946), working with fleas in the Belgian Congo, was the first to 
attempt a quantitative estimate of mass transmission. Differences in vector 
capacity were determined by comparing the surface areas of the curves il- 
lustrating the mortality of flea-infected mice with the surface area of a graph 
showing the mortality of mice infected with standard doses of Pasteurella 
pestis. Future work is faced with the problem of integrating the concept of 
mass transmission with current hypotheses regarding the mechanisms involved 
in sylvatic plague. 


Transfer of Fleas Between Hosts 


The literature contains numerous references to the so-called exchange of 
fleas between rodent host species, yet the evidence has been based primarily 
upon findings that certain flea species parasitize animals other than their 
normal or “preferred” hosts. The concept of preferred hosts is in itself beset 
with pitfalls for the unwary observer, for a considerable number of factors 
must be known before the parasite-host relationship can be evaluated ade- 
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quately. With respect to fleas, such factors as seasonal fluctuations, nest 
populations, and availability of specific hosts are of critical importance. In 
personal correspondence, H. B. Morlan has discussed the question of host 
preference in reference to his paper on mammal fleas in New Mexico (Morlan, 
1955). It is of interest here to quote from his remarks: 

“Where data from extensive collections of all possible hosts at all seasons 
of the year are available, the percentage of animals infested with one or more 
parasites and the mean number of parasites per examined animal are usually 
sufficient to indicate host preference. In cases of inadequate collections... 
host preference will remain unknown in spite of any additional manipulation 
of insufficient data.... My paper on Santa Fe fleas provides an actual 
example where the mean number of Opisocrostis hirsutus from infested ground 
squirrels was 10.0 while the number from infested prairie dogs was AO oan 
this case only a few squirrels were collected, mainly in the vicinity of a dog 
town, and there was enough infestation of squirrels with the normal prairie 
dog flea (O. hirsutus) to give a false impression of host preference .... The 
records merely indicate a specific instance of an unusual potential means for 
the spread of disease from prairie dogs to ground squirrels.... Iam presently 
inclined to classify the hosts of an ectoparasite as ‘normal,’ ‘secondary,’ and 
‘accidental.’ The normal host is that animal which has been demonstrated 
to be the most commonly encountered associate. A secondary host is one 
that is frequently and consistently associated with a particular ectoparasite. 
There may be more than one secondary host. An accidental host is one that 
is infrequently and inconsistently found associated with a parasite.” 

Morlan’s remarks have been quoted at length because it is important to 
make clear-cut distinctions in host preferences when evaluating the problem 
of flea transfer between host species. In plague epizootiology it is of the ut- 
most significance to determine the preferred host, especially in cases where 
certain rodent species are known to be the prime reservoirs of plague. Thus, 
in our studies, the native meadow vole Microtus californicus is thought to be 
the primary plague reservoir, and this host, in most instances, is parasitized 
most frequently and in greatest numbers with those flea species showing the 
highest plague-infection rates. This relationship is true of the rodent nests 
as well as of the rodents, and any transfer of plague to other wild-rodent species 
or to domestic rats would suggest that the disease had originated in Microtus 
and its fleas. 

It should also be noted that, except in clear-cut instances, the finding of a 
wild-rodent flea on a domestic rat, or the presence of a flea on a wild rodent 
other than its normal host does not imply transfer of the fleas between hosts. 
Too little is known of the breeding capacities of wild-rodent flea species in 
the nests of various hosts. In the laboratory we have been able to culture 
the Microtus flea Malaraeus telchinum on albino rats. This suggests that 
Rattus norvegicus in nature could possibly support the breeding of M alaraeus 
telchinum in its burrow. If this is true, the finding of M. lelchinum on domestic 
rats would not necessarily imply transfer from Microlus, even if populations 
of the latter were prevalent in the vicinity of the rats. Recent studies in 
the city of Tacoma, Wash., showed that Microlus nests contained cultures 
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of the rat flea, Nosopsyllus fasciatus. Thus, the finding of this rat flea on 
trapped Microlus need not necessarily imply transfer of the fleas from rats. 

In the introduction we have already noted the observations of McCoy 
(1910), Eskey (1938), Prince (1943), and Meyer and Holdenried (1949) on 
the subject of flea transfer between wild and domestic rodents. In addition, 
Meyer (1942b) presented evidence of flea transfer, and Pollitzer (1954) has 
summarized the pertinent literature on this subject. Recent studies at this 
laboratory (Miles ed al., 1957) have revealed several instances of finding rat 
fleas on wild rodents and wild-rodent fleas on commensal rats. 

In plague epidemiology the significance of flea transfer is twofold. On 
the one hand, enzootic plague foci and strictly wild-rodent plague epizootics 
depend on the transmission of the organism by efficient vectors that transfer 
between individual hosts of the primary reservoir species. On the other 
hand, the spread of plague, either from one wild rodent species to another 
or from a wild to a domestic rodent species, depends on transfer of infected 
fleas interspecifically between hosts. The existing evidence suggests that 
transfer to rats may be fairly rare, since no cases of rat plague have been found 
as yet in the interior of the western states. That this is not due to a lack of 
commensal rats was shown during a plague epizootic of rabbits in New Mexico, 
where plague-free rats were not only present but also entirely free of flea in- 
festation (Link, 1950a). 

On the basis of present knowledge, two problems of prime importance must 
be solved: (1) direct observation of flea transfer between host species must 
be shown in order to substantiate the current hypothesis of plague spread 
based on circumstantial evidence, and (2) quantitative data on the commingling 
of wild-rodent and rat populations must be gathered to evaluate more ade- 
quately the potential for plague spread. Some data on the first of these prob- 
lems is presented here. Recently, this laboratory, in cooperation with the 
University of California, developed a simple method for the radioactive tagging 
of fleas and other arthropods with cerium™ (Quan ef al., 1957). Fleas 
were successfully tagged by bathing them for less than 5 minutes in aqueous 
solutions of Ce'-Pr' containing 10 ue./ml. Tagging was accomplished by a 
stable combination of cerium with the exoskeleton, a reaction that is at present 
sull obscure. The isotope Ce™ has a half life of 282 days, and the beta parti- 
cles from its short-lived daughter isotope Pr™ (half life 17.5 minutes) can be 
detected readily with the usual Geiger-Miiller survey meter. Thus the 
means were developed to evaluate the problem of flea transfer between hosts 
in the field. W. V. Hartwell recently conducted at our laboratory a pilot 
experiment in simulated field plots; this was done on a small scale as a prelim- 
inary to actual field studies. The rodents, M. californicus and R. norvegicus, 
and tagged fleas, Malaraeus telchinum, were used in these tests. The experi- 
ments established the fact that, under the more or less normal conditions 
of the rodents’ existence, the fleas transferred between individual Microtus. In 
a total of S trials, 111 tagged fleas were placed on different individuals, with 
observations lasting 15 days on the average and ranging from 6 to 21 days. 
A total of 99 actual flea transfers was observed, or an average of 19 transfers 
per test, and the percentage of tagged fleas accounted for ranged from 30 to 82. 
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TABLE 10 
TRANSFER OF CEM TAGGED WiLp-RODENT FLEAS, MaLARAEUS TELCHINUM, FROM THE 
Fietp VOLE, Microrus CALIFORNIOUS, TO THE Domestic RAT, Rarrus 
Norvecicus* 


Nowe Tey pol Eva eos 1g Ya 17 Sree ack CSE een 60 
No. transfers to rats while Microtus were alivey..............0 00 eee ene ees 3 
No. fleas taken from rats after Mierotus were killedt..... 2.0.0.0. .0 0.00 cece ee ees 8 
No. fleas taken from rats allowed in same area with live Microtus..............0..55: 9 
Min Eecre See P LY TSH Tek PROS ES aoe eee erect A oe an A aye acide angrive esses Dil 
aynimher Of eas accounted for trom ratS. «6... ee eee et ete eee 47 
Percentage of recovery of fleas from rats... .... 0... 6.11 eee eee eee 78.3 


* From data of W. V. Hartwell (unpublished). 
+ Rats in contiguous area, but prevented from mingling with Microtus. 
t Rats allowed into area with dead Microtus. 


Radioactive fleas were also recovered from Microtus nests, and radioactive 
feces were observed, which showed that the rodents had ingested some of 
the fleas. In general, a higher percentage of tagged female fleas was recovered. 

Tests with domestic rats showed that tagged fleas would transfer most 
readily from Microtus to R. norvegicus when infested Microtus were killed and 
allowed to remain in the area, or when rats were allowed to enter the Microtus 
area and compete with them. Taste 10 summarizes the pertinent data. 
Some indication of the life span of Ce tagged fleas was given by the fact 
that 76.5 per cent of the fleas were recovered from rats and from their nests 
after 50 days (TABLE 11). In all the trials, tagged fleas showed an initial 


TABLE 11 
Times OF RECOVERY OF CE“-TAGGED FLEAS, MALARAEUS TELCHINUM, FROM Rats, RaTrus 
NORVEGICUS, WHEN THE FLEAS WERE ORIGINALLY PLACED ON THE WILD 
RopENT, Microrus CALIFORNIC us* 


| id 
Time (days) \Number of flea transfers} Test conditions 


Fleas combed from rats 


18 1 Rats allowed in area with dead Microtus 
29 WM 
Jo 1 
34 4 
38 1 Rats isolated in area contiguous with Microtus 
42 2 | 
50 4 Rats allowed free access to area with live Micro- 
‘il 2 lus 
56 3 
Fleas from rat nests 
56 27 Nests removed after all above conditions ter- 
| minated 


* From data of W. V. Hartwell (unpublished). 
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average count of 6.2 to 8.5 K 10° counts/flea/min. and, after 56 days, 3.6 to 5.1 
2 counts/flea/min. 

getdate os experiments are not conclusive, but they suggest that a 
wild-rodent flea, Malaraeus telchinum, will readily transter between individuals 
of its normal host species, whereas transfer to domestic rats may take place 
only under unusual circumstances. Nevertheless, the transfer of wild-rodent 
fleas to rats from dead wild-rodent hosts is of special significance when applied 
to the problem of plague spread from sylvatic to domestic environments. The 
fact that M. telchinum will transfer to rats illustrates the most probable method 
by which domestic rats acquired plague during an epizootic among Microtus 
and other small field rodents (Kartman ef al., 1958). Undoubtedly, other 
important wild-rodent flea vectors of plague will also transfer to rats. 


Detection of Plague in the Field 


Winter and Moody (1957) have announced the adoption of Coons’ fluorescent 
antibody technique for rapid identification of Pasteurella pestis. They ob- 
served that individual cells in a smear were brightly stained in bubo exudate 
and blood collected from a human case four days after onset of the clinical 
infection. The method certainly appears to hold great promise for the detec- 
tion of plague in the field, especially of plague in flea specimens. 

Currently, detection of plague in nature still depends on general epizootiologic 
observations and on inoculation of guinea pigs or mice with pools of rodent 
tissues and fleas. In all probability, die-offs of larger colonial rodents still 
occur, and they may be due to plague. However, in themselves die-offs 
may be difficult to locate, especially those of the smaller native field mice. 
Furthermore, when plague-resistant rodents are present, die-offs may not 
occur at all. Thus, in plague surveillance, workers still rely chiefly on col- 
lecting fleas and inoculating susceptible laboratory animals with pools of them. 

Eskey and Haas (1940) rediscovered and popularized inoculation with 
flea pools for the detection of wild-rodent plague foci. Inoculation with flea 
pools for Pasteurella pestis has the following advantages: (1) fleas may be plenti- 
ful even when rodents are relatively scarce, (2) flea pools are less dangerous 
to handle than rodent tissues, (3) the specimens are less likely to contain 
gross contamination than are tissues, and (4) the fleas do not deteriorate as 
readily as tissues. Flea-pool inoculation tests, however, are not suitable for 
determination of the extent or the intensity of plague infection in a given rodent 
population. It is rather surprising that, in spite of its long and extensive 
usage, the flea-pool method has never been evaluated critically with regard 
to its efficiency as a method for detecting plague in naturally infected fleas. 

In recent studies by Quan and his co-workers (unpublished) on wild-rodent 
plague among native field rodents such as Microtus and Peromyscus, the flea- 
pool inoculation method was compared with the bacteriological culture of 
individual fleas. The fleas were first individually crushed and _ triturated, 
and then streaked ona blood agar plate. The remaining portions of individual 
flea triturates were then pooled and used to inoculate laboratory mice. The 
comparative results obtained by these two methods and an evaluation of 
their relative efficiencies are shown in TABLE 12. Assuming that the combina- 


Kartman ef al.: The Ecology of Sylvatic Plague 697 
= = TABLE 12 
ILD-RODENT FLEAS, MALARAEUS TELCHINUM, HYSTRICHOPSYLLA LINSDALEI 
ATY PHLOCERAS MULTIDENTATUS, FOUND NATURALLY INFECTED WITH 
PASTEURELLA PESTIS BY BACTERIAL CULTIVATION OF INDIVIDUAL 
FLEAS AND BY ANIMAL INOCULATION OF FLEA POOLS 
Fleas cultured individually Flea pools inoculated 
ick | Efi- | Efi Total Per- 
° sienc : 
eam No. | No Per- re No. | No. |. Per- No. Per ciency | fleas Pie 
No. NO. loontare | 2 test is | is centage centage | of test pos. ft 
tested | pos. SBS fer feces pools | pools fleas fleas (per pee. 
POs. | cent- tested | pos. pos. pos. pos. ae 
| | age) age) 
A 447, 40 | 9.0 | 87 ss | 9 | 10.0 AS 10.0 98 40 10.3 
B 357 $Set 3260) 77 91 10 W\ett0 10 yao 59 17 4.8 
254, 8 ye os B2.) 20) 12720 10 se) 91 11 4.3 
Totals 1058) 61 bys 83 261 | 29 | 11.0 65 6.2 88 74 7.0 


* Some positive pools contained more than one plague-positive flea. 

+ Individual culture checked on fleas used in pools—based on number of fleas shown in 
second column to the left. 

t Assuming that no positive fleas were missed by combination of both methods, and assum- 
ing that only one positive flea was present in a positive pool from fleas found negative by 
culture. 


tion of the two methods revealed all plague-positive fleas, the culture method 
showed from 73 to 87 per cent of the positives, and averaged 79 per cent; 
the inoculation method showed from 59 to 98 per cent of the positives, and 
averaged 83 per cent. Thus, the efficiency of detecting plague in the fleas 
by a combination of the two methods was 96 per cent (on the average, 3 natur- 
ally infected fleas were not detected when 74 plague-positive fleas were col- 
lected). 

If the fleas had been processed only by the individual culture method, 
61 of 74 positives, or 83 per cent, would have been detected. During these 
tests, which will be reported in greater detail elsewhere, it was felt that the 
efficiency of individual flea culture would be higher if trituration were ac- 
complished by a tissue homogenizer, rather than by manual crushing with a 
roughened glass rod in a test tube. If the fleas had been processed solely by 
the animal inoculation method, 65 positives out of 74, or 88 per cent, would 
have been found. In general, a high level of efficiency can be expected with 
the animal inoculation method, which is of value mainly in plague surveillance 
or when it is necessary to test for the presence of plague and to determine its 
extent on a rough scale. The individual culture of fleas not only reveals the 
presence of plague efficiently, but also provides a natural plague infection 
rate in different flea species. Thus, the latter method, though tedious and time 
consuming, is valuable in more detailed ecologic research on wild-rodent 
plague and has provided types of data hitherto unknown. 


“The total absence of plague from the inhabitants of California for the past eight 
years could lead to the erroneous conclusion that control measures applied. in 
this state for the past 50 years have completely eradicated the disease... it 1s wiser 
to view the present level as a plateau of unknown length and to resist the tempta- 
tion to draw conclusions about the causes.” —Karl F. Meyer (1955). 
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In the introduction we have noted the large area in which evidence of wild- 
rodent plague has been found in the western United States. In contrast to 
this, it must be pointed out that the number of human infections derived 
directly from wild-rodent foci has been of a low order. Taste 143, which is 
modified after Pollitzer (1954), summarizes the incidence of human plague 
infection contracted from wild rodents or their fleas. 

The reason for the low level of human plague directly associated with wild 
rodents is not difficult to assess. Foci of wild-rodent plague are generally 
situated in sparsely populated and isolated rural districts where wild-rodent 
fleas do not have the opportunity of biting man. Even when humans do enter 
areas harboring wild-rodent plague, various biological factors intervene to 
prevent infection. A person would have to be present during an epizootic 
that, in most cases, appears quite transitory. He would have to be bitten 
by an infective (or blocked) wild-rodent flea, or simultaneously by a number 
of wild-rodent fleas that had very recently fed on a septicemic animal. The 
chances against this are great when the natural infection rate of fleas is taken 
into account and when the factor of host preference is considered. Further- 
more, in a large flea population the number of blocked individuals would prob- 
ably be very small and, of those infective fleas present that actually did bite, 
very few would be likely to accomplish transmission. That plague transmis- 
sion to humans by wild-rodent fleas does occur is shown by TABLE 13 but, 
according to the World Health Organization Expert Committee on Plague 
(1953), “The unexpected occurrence of human plague in insufficiently explored 
areas draws attention to the need for an exact delimitation of wild-rodent 
plague.” We might add that the occurrence of sylvatic plague near human 
habitations makes the ecology of wild-rodent plague a paramount subject for 
investigation. 

The real danger from wild-rodent plague occurs when wild and domestic 
rodents coexist in areas close to human habitation. It is here that the possi- 
bility of plague transfer from wild to commensal rodents may take place 


TABLE 13 
INCIDENCE OF PLAGUE INFECTION ORIGINATING IN SytvatTic Foctr 


Year in which plague was first confirmed Human plague 1908 to 1956 

State Wild rodents Humans | Cases Dean 
California 1908* 1908 St DS) 
Oregon 1935 1934 1 d 
Utah 1936 1936 1 0 
Nevada 1936 1937 1 0 
Idaho 1936 1940 1 i 
New Mexico 1938 1949 6 3 
Arizona 1938 1950 1 0 
Totals 92 58 


* Plague suspected in ground squirrels in 1903, 
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through the mechanism of flea exchange, discussed in a preceding section. 
Recent studies at this station have shown the importance of small native field 
mice (genera Microtus, Peromyscus, and Reithrodontomys), not only as a source 
of plague, but also as a reservoir of infected fleas that may transfer to domestic 
rats. The most important fact is that enzootic foci of plague are found near 


suburban developments, farms, and in the environs of cities, and that wild 


rodents commingle with rats in such areas as well as in city garbage dumps, 
small towns, and camps. The increase in suburban populations and the 
extension of human habitations into rural areas is probably the most significant 
factor in the present wild-rodent plague problem. Our studies in northern 
San Mateo County, just beyond the San Francisco limits, have shown that 
plague epizootics occur among the native field rodents and that plague actually 
transfers to domestic rats (Kartman e/ a/., 1958). Thus, in the problem of 
wild-rodent plague control, close attention must be given to situations in which 
plague foci in native field rodents are found in areas where commensal rats 
occur adjacent to human habitations and human activity. 

It is undoubtedly true that, under usual conditions in this country, the sani- 
tary practices that have evolved and that are continually being improved 
constitute effective barriers to the transfer of plague from wild to domestic 
rodents, and thence to man. Furthermore, unlike the situation in other 
regions of the world, there is no evidence here that the domestic rat constitutes 
an independent reservoir of plague infection. In Madagascar, for instance, 
the periodic resurgence of localized murine plague foci has been noted without 
any evidence that rodents other than the rat are the primary source of the 
disease (Girard, 1940). From the standpoint of public health the critical 
factor in our western region is the maintenance of effective barriers between the 
wild-rodent reservoirs of plague and the domestic rats. On the other hand, 
the normal sanitary barriers could conceivably be severed in times of natural 
disasters such as floods and earthquakes, and also during national emergencies, 
especially in case of devastation due to war. The latter may seem a highly 
remote possibility, yet in the face of ever-growing threats of international 
atomic conflict we must be prepared with the knowledge requisite for dealing 
with plague and other vector-borne diseases. Thus, resources for public health 
must include, not only a cognizance of wild-rodent plague ecology, but also 
an awareness of the most effective means for the detection, diagnosis, treat- 


ment, and control of plague. 


Diagnosis and Treatment of Plague Cases 


Today, prognosis of plague is excellent, provided the disease is diagnosed 
sufficiently early. Rapidity of diagnosis, however, still depends heavily on 
both epidemiologic intelligence and sensitive, rapid laboratory methods for 
detecting Pasteurella pestis and its antibodies. Fortunately, advances have 
been made along all these fronts. It has been shown recently that the plague 
organism in human blood, exudates, and post-mortem tissues 1s subject to 
rapid identification by use of fluorescent antibody techniques (Winter and 
Moody, 1957). The detection of plague antibodies by the hemagglutination 
procedure (Chen, 1952) has also proved useful (McCrumb ef al., 1953). 
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In the effective treatment of plague, the evaluations made by Meyer and 
his co-workers (1952) still represent the most modern concepts of therapy. 
Smadel and his associates (1955) have added their experiences from the han- 
dling of pneumonic cases in Madagascar. Specific plague therapy calls for a 
judicious administration of antibiotics and, when necessary, the use of anti- 
serum. The antibiotics of choice are streptomycin, chloramphenicol, and 
the tetracyclines. “Sulfa” drugs, especially sulfadiazine and sulfamerazine, 
are very useful both in treatment and for prophylaxis (Quan ef al., 1955). 
Vaccination is a logical procedure under certain conditions. 

Although further general discussion of plague therapy is Regan the scope 
of this paper, the fatal outcome, in spite of “effective” treatment, of the 1956 
bubonic plague case in California deserves comment. This case was of syl- 
vatic origin; it was diagnosed early and treated so intensely that no bacilli 
could be isolated at autopsy after but three days of therapy. The death of 
the patient indicates that therapy still presents problems. The patient 
(Sackacs) was a retired Chief Petty Officer in his middle forties. He had been 
in good health and there was no reason to suppose that he was unusually 
susceptible or sensitive to plague. Quan and Meyer (unpublished) have 
investigated the virulence and chemotherapy of the Sackacs strain of P. 
pestis; a succinct report of the findings follows. 

From the bacteriological point of view, the plague bacilli isolated from the 
bubo exudate of Sackacs were undifferentiated from any other virulent Pas- 
teurella pestis strains. Although the content of the fraction I protein (antigenic 
portion) of this California strain was not studied, that of its fraction II content 
(toxic portion) was extracted and compared with an Indian strain (195/P). 
Both strains were equally toxic. When compared with the Alexander and 
195/P strains for growth in broth containing various concentrations of strepto- 
mycin, aureomycin, or chloramphenicol, no differences were found in the 
sensitivity of the three strains of these antibiotics in vitro (TABLE 14). When 
mice were infected intracutaneously with about 500 bacilli of the above three 
strains and given therapy at 48 hours after infection, the success of the anti- 
biotics against the Sackacs strain was similar to that against infection by the 


TABLE 14 
GROWTH OF PASTEURELLA PESTIS IN BRoTH CONTAINING ANTIBIOTICS* 


Pasteurella pestis strain Streptomycin | Aureomycin Chloramphenicol 
Concentration (ug./ml.) inhibitory for 1 day 7 
Alexander 4.0 eo 2.0 
Sackacs 4.0 1.0 2.0 
195/P 4.0 0 0) 


Concentration (ug./ml.) bactericidal in 5 days 


Alexander 8.0 ay 4.0 
Sackatcs 8.0 32 4.0 
195/P 8.0 32 4.0 


* 
Broth coavained 10° microorganisms per ml. 
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‘ TABLE 15 
“SURVIVAL RATE oF Mice INOCULATED WITH PASTEURELLA PESTIS AND TREATED WITIL 
ANTIBIOTICS* 


Re idataa weed i oe 
Pasteurella pestis strain ‘casei amas 
inoculated = —--— = = = 
Streptomycin Aureomycin | Chloramphenicol None (controls) 
Number survived /number treated : - 
Alexander 20/20 6/20 14/20 0/11 
Sackacs 16/20 Ry Pal 12/20 0/11 
195/P 13/20 3/20 | 15/20 0/11 


| *Infection was produced intracutaneously by injection of 0.05 ml. containing about 
500 Pasteurella pestis. The course of therapy was 3 days, beginning 48 hours after infec- 
| tion. The daily dose was 100 ug. L.P., followed in 8 hours by 200 yg. subcut. 
| 
other two strains (TABLE 15). Although in some tests the Sackacs strain 
appeared to kill mice slightly more rapidly than did the other two strains, 
the difference was not significant. These investigations suggested that, in 
the light of present knowledge, the Sackacs strain was undifferentiated bac- 
teriologically and chemotherapeutically from the New Mexico and the Indian 
strains. 

The therapeutics may be a major factor in the fatal outcome of the Cali- 


fornia case. It was reported that in this particular case “heroic” dosages of all 


the effective plague medicinals were administered, and that the patient was 
sterilized of P. pestis. Although this has not been heretofore observed in man, 
its possibility was indicated when Quan and his co-workers (1947) sterilized 
mice of plague bacilli by the use of streptomycin (Meyer ef al., 1952). Never- 
theless, it was not known what effect, if any, such sterilization might have on 
the host animal. 

We know that experiments in the chemotherapy of plague with laboratory 
mice and guinea pigs show that the use of increasing dosages of effective 
drugs or combinations of drugs up to toxic dosages have elevated survival 
rates (TABLE 16). However, as may be seen from TABLE 16, even the intensive 
therapy was short of the sterilizing range of P. pestis in v100. Thus, to test for 


sterilizing effect a level higher than intensive therapy, “heroic” therapy, was 
formulated from the pattern of the clinical treatment used in the California 
case. In that case sulfisoxazole, which is far less effective than sulfadiazine 
in experimental plague therapy (Quan ef al., 1955), and penicillin, which is 
ineffective against in vivo P. pestis (Meyer et al., 1952), were used with strepto- 
mycin, chloramphenicol, and oxytetracycline. In the heroic therapy, sul- 
fadiazine was substituted for sulfisoxazole, but penicillin was included. All 
the drugs were adjusted for treating mice every six hours. The various dosages 
of the therapies are shown in TABLE 17. The moderate and heroic therapies 
were given to mice that had been infected intraperitoneally at a time when 
between 20 and 40 per cent of the animals were dead. 

The results (TABLE 18) indicate a clear trend: excessive dosage of drugs 
given in the heroic therapy was less effective and saved fewer mice than did 
the moderate dosage. It should be noted that these are the results of but 
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TABLE 16 
CHEMOTHERAPY OF Mice INOCULATED INTRACUTANEOUSLY WITH SACKACS AND ALEXANDER 
STRAINS OF PASTEURELLA PESTiS 


Initial time of therapy* 


Therapy 36-hour infection 51-hour infection 66-hour infection 


| 
Alexander Sackacs Alexander Sackacs | Alexander Sackacs 


(percentage of survivors) 


Sulfadiazine 58 73 42 | 45 —- — 


Sulfa and strep- 83 77 67 45 33 PH) 
tomycin - ; 
Intensivet 100 1000.1 _ “=s3¢ ab Py Ss 67 59 


* Twenty-two mice per group of Sackacs, 12 mice per group of Alexander. f 
+ Intensive therapy consisted of a combination of sulfadiazine, streptomycin, terramycin, 
and chloramphenicol. 


one experiment and are not conclusive. K. F. Meyer has commented that 
these results may have been due to a mechanism analogous to that in the 
Herxheimer reaction. Furthermore, it is possible that this strain of P. pestis 
is more readily lysed 7m vivo when under antibiotic treatment than are other 
strains. If these results are confirmed, they suggest a new type of toxic effect 
of antibiotics, in addition to those already known. 


“Civilization alone has destroyed the plague in Europe; it alone will destroy 
it in the East.”—Aubert Roche (quoted by H. H. Scott, 1942.) 


Sylvatic Plague Control 


In any discussion of the control of an arthropod-transmitted disease of 
man, cognizance must be given to the effects of human social development 
upon its rise or fall. Hence the above quotation. We cannot enter here 
into a dissertation on philosophies of history, but it should be mentioned 
that certain men prominent in their field—Ronald Ross, Angelo Celli, Hans 
Zinsser, and others—have promulgated a monistic theory that assumes that 
disease makes history. Although we cannot deny that malaria, typhus, 
yellow fever, and plague have often been strong influences against social 
progress, we are inclined to accept the view of such scholars as Ackerknecht 
(1945), who discussed malaria in particular, that the waves of these diseases 
can be more logically explained by historical events. In his famous Milroy 
Lectures on plague, Liston (1924) cited the second agrarian revolution in 
England during the Eighteenth Century as the “unrecognized beginning in 
the conquest of plague” in that country. He discussed in detail the influences 
of social reforms, sanitary measures, and the prosperity associated with the 
period of “high farming.” On the other hand, Hirst (1953) explained this 
same decline in plague on the basis of a change in the rat and rat-flea species 
without investigating the causal factors influencing reductions in black rat 
and Xenopsylla cheopis populations. Very recently it was observed by Fox 
(1956) that typhus in San Juan, Puerto Rico, showed a 100 per cent decrease 


explain this regression in countries... wh 
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TABLE 17 
DosaGEs OF VARIOUS THERAPIES 


} 
= Dos se Know 
Therapy | cng. oF 1000 units Me. /ke. efficiency" 
1 (percentage) 
Mild | 
Sulfadiazine | 2.00 
Moderate | os = 
oe 2058 0e25 INDE Ue as: 
ulfadiazine 2.00, 1.00 
Intensive | aoRe oe 
Streptomycin 0.20 10 
Chloramphenicol 0.40 20 85 
Terramycin 0.40 20 
Sulfadiazine 2.00 100 
Heroic 
Streptomycin 1.00 50 
Chloramphenicol 0.50 25 
Terramycin 0.50 BSS 
Sulfadiazine 1.00 50 
Penicillin 1.00 30 
Serum 
Antitoxic (intraperitoneal 0.5 cc. of 1 to 5 dilution of 40 units/cc.). 0 


* Average survival rate of mice infected intracutaneously with about 100 plague bacilli 
for 51 hours and then treated. 


TABLE 18 
SEROTHERAPY AND CHEMOTHERAPY OF MICE INOCULATED INTRAPERITONEALLY WITH 
Sackacs STRAIN OF PASTEURELLA PESTIS 


Mortality rate of the mice at time of initiation of therapy 


Sackacs* 
Therapy 
20 per cent death 40 per cent death 
Sorearreloumber treated and (per cent survival) 
Biliesclensr CO Matos siete Peein ie alens 5-9 = oun | 9/25 (36) 5/12 (41) 
Wircky Seni. 00 oes esti o> — 7/12 (58) 
PR ETOICS Pere eta cere he aie 5/25 (20) 4/11 (36) 
PREP GEr Ti ie. eo las apex ais = Se ae Ay" 10/25 (40) 5/11 (45) 


* Mice received about 5000 bacilli. 


at a time when absolutely no control operations were in effect, as in the southern 
United States. Thus Fox concluded that a reduced typhus rate is not neces- 
sarily proof of the efficacy of control measures. Girard (1955) has evaluated 
the modern position on plague in the following nicely balanced terms: elie 
modern pandemia is declining... . This situation is legitimately attributed 
to the success of a prophylactic method, the result of fruitful research... but 


one must also include the contribution of natural circumstances in order to 
ere the control has been too limited 


to be effective... .” 


All evidence points to a spectacular decline in human plague throughout the 
world (Gear and Deutschman, 1956). Plague has apparently been conquered 
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as an epidemic scourge, but it remains entrenched as an animal infection 
external to man, covering hundreds of square miles, and perpetuating itso 
away from human habitation as a potential threat, which may “spill over 

to humans under circumstances neither wholly understood nor predictable. 
The problem of plague control becomes more and more exclusively concerned 
with sylvatic plague control. To speak of eradication would be utopian. 
The so-called eradication campaigns against ground squirrels in California 
and in certain parts of the Union of Soviet Socialist Republics during the 
early decades of this century and the continuous program of rodent poisoning 
in the Hawaiian Islands have not yet resulted in any significant decline either 
in the rodent populations or in the incidence of wild-rodent plague. 

The ecologic picture of sylvatic plague developed in the foregoing sections 
of this paper suggests that control operations must be oriented to specific 
situations in which plague actually is transferred from wild to domestic sources, 
or where a distinct threat of such transfer is obvious. For this reason the 
chief concern must be in areas where wild-rodent reservoirs are located near 
harborages containing rats, such as villages, suburban areas, camps, and 
garbage dumps in cities. Beyond that, control methods must be applied in 
specific situations where wild-rodent epizootics in themselves threaten humans. 
An outbreak in a national park or in the vicinity of an army encampment would 
deserve immediate intensive control. It should be emphasized that control 
of wild-rodent plague is primarily an emergency measure with clearly limited 
objectives. Plague foci that threaten humans must be located and kept 
under surveillance so that control may be instituted rapidly when the need 
arises. In certain cases prophylactic control of wild-rodent plague foci may 
be justified. 

The possible methods of control are based on specific situations. In cases 
where sylvatic foci impinge upon domestic rats, a systematic program of rat-flea 
and rat control is the easiest and most effective point of attack. This can be 
accomplished by a routine program utilizing the anticoagulant poisons such as 
Warfarin and the newer insecticides, including DDT, chlordane, and dieldrin. 
DDT powder (5 or 10 per cent) still remains the residual insecticide of choice 
in rodent flea control. Where small foci of plague occur near villages, camps, 
and other such areas, the control of wild rodents with fast-acting poisons and 
the control of their fleas are measures complementary to rat and rat-flea con- 
trol. 

Flea control in itself has become established as an important method of 
combating plague. The use of DDT in urban areas and during outbreaks of 
rat-borne plague has shown promising results (Kartman and Lonergan, 1955a). 
Unfortunately, there has been no adequate demonstration of plague control 
in wild-rodent foci. Field trials have shown that flea populations on wild 
rodents can be reduced by means of insecticidal dusting of rodent burrows 
(Davis, 1951; Ryckman et al., 1953) or by area dusting (Miles and Wilcomb, 
1953), but no actual demonstration of plague control by these methods is 
available. 

Whereas the insecticidal dusting of ground-squirrel burrows is feasible 
because their entrances are easily located, the control of fleas affecting the 
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small native field voles and meadow mice is difficult, because their nests are 
hidden and do not occur in “‘towns,” or community groupings, as do those 
of the larger colonial rodents. Furthermore, wholesale dispersa! of insecticidal 
dusts may not be safe in many areas near human habitation or human activity 


where the smaller rodents are found and where they present the chief potential 


for the spread of plague. For these reasons flea-control methods were de- 
veloped in the plague-endemic zone of Hawaii in which a DDT-bait box was 
used (Kartman and Lonergan, 1955a). The apparatus consisted of a covered 
bait station with DDT-filled sacks hung at opposite entrances, so that the rodent 
would receive a shower of DDT powder on entering and leaving the box. The 
theory behind this method was that the rodent itself would become the vehicle 


by which the insecticide was dispersed to its nest and its mates. In practice 


this method not only controlled those fleas on the rats, but provided 
evidence suggesting that fleas in the nests also were affected. Excavation of 
rat burrows showed a complete lack of fleas in the area of the DDT-bait box, 
whereas nests were 100 per cent infested in a check area, and showed an aver- 
age of about 25 fleas per nest. Analysis of nesting material, in one instance 
only, showed DDT residues amounting to 0.72 mg. In contrast to these 
results, Wagle and Seal (1953) reported that DDT could be detected only in 
the first few inches of rat holes when the insecticide was applied by insufflation 
of the burrows. Live fleas were found in 14 of 44 nests examined. 

Recent field trials have shown that a simplified insecticide-bait box controls 
fleas on the heavily parasitized Microtus californicus as well as on other species 
of meadow mice, both on the hosts and in their nests. FIGURE 6 shows an 
end view of the bait box, which consists of the following: a floor board one 
half an inch thick, 12 inches long, and 8 inches wide; a U-shaped roof made 
by cutting in half lengthwise a lard tin 914 inches in diameter and 12! inches 
deep; and a bait container held by small nails in the center of the floor board. 
The bait boxes were placed at 50-foot intervals in a field grid 250 feet square. 
A similar check area in the same field was established 150 feet from the test 
area. After an initial prebaiting period with rolled oats, about 80 gm. of 
5 per cent DDT powder was spread on the floor of each bait box. Data on 
fleas in rodent nests and on the rodents were taken periodically; examples of 
the results are summarized in TABLES 19 and 20. These preliminary obser- 
vations suggest that the ‘nsecticide-bait-box method offers a cheap and efh- 
cient means of significantly reducing the plague-vector flea populations affect- 
ing those native field rodents known to be implicated in sylvatic plague in the 
San Francisco region. Nevertheless, as stated above, actual field control of 
wild-rodent plague remains to be demonstrated. 

The control of fleas by contact insecticides having residual properties has 
correctly taken a place of primary importance in plague control. On the other 
hand, workers in this field must be prepared for the development of flea resis- 
tance to some of the insecticides. Simmons (1954) has reviewed reports on 
such resistance, and it is encouraging to note that no case of major resistance 
is known in important plague vectors in nature. a 

In the long view, sanitary measures, construction of rat-proof buildings, 
public education, and legal pressures must be intensified to reduce the popu- 
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FicurE 6. End view of insecticide-bait box in field operation. Note bait container, 
DDT powder, and rodent trail in foreground. 


lations of domestic rats, especially those in the vicinity of wild-rodent plague 
foci. If sylvatic plague can be isolated and returned to its former status of a 
purely wild disease, rising and falling in a state of nature in its delimited foci, 
the danger to man will have been reduced to the ultimate minimum. As the 
population of the country increases and our mechanical civilization encroaches 


| 
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. TABLE 19 
Errecr oF 5 Per Cent DDT Powper IN Bait BOXES ON THE INCIDENCE OF FLEAS ON 
MIcROTUS CALIFORNICUS IN SAN FRANCISCO 


Treated plot (DDT-treated bait boxes Check plot (150 feet from DDT-treated 
Aug. 27 to Sept. 27) plot) 
Rened Pes sent-| ; ; 7 ee 
sa ea No.| a lage ti pastes se Fee ; eon Nagios 
RY E eas | crotus R) > ee leas | crots 
—~ | ‘infested i No, fleas | "°° |; tested 
_ Pretreatment 8/15-8/23 | 64/343 | 5.4 192.2 8/8-8/9 11/49 4.4 | 54.5 
Treatment 9/5-9/26 | 162/2 | 0.01) 1.2 | 9/11=9/13 DEN XO BY |) i 28 N Thsyoe) 
- Post-treatment 10/2-10/17| 206/63 | 0.3 | 21.4 10/9-10/17| 32/176 | 5.5 | 99.9 
Post-treatment (10/23-11/27, 239/274 | 1.1 | 50.6 |10/23-11/27| 109/564 | 5.2 | 88.9 
Post-treatment | 1/8-2/7 56/59 1.0-4° 41.1 1/8-2/7 AQYT26) S52) |) S2n0 
Post-treatment | 3/19-5/2 63/58 0.9 | 42.8 | 3/19-5/2 34/46 eel OPA 
| | | 


TABLE 20 
Errect OF 5 Per Cent DDT Powber IN Bait BOXES ON FLEA INCIDENCE 
tn NEsts OF Microrvs CALIFORNICUS DURING THE POST-TREATMENT PERIOD 


Treated plot Check plot 


DDT-treated bait boxes Aug. 27 to Sept. 27 150 feet from DDT-treated plot 


Mean fleas per | Meal Mean fleas per | yfean 

Date ose] Pave | wo. |__| ame | Bale | Dave | wo. | ——___ ant. 

1957) teats | 2 Nest | ne (mg.) 1957) treat eet nace (mg.) 
10-5 8 7 0.1 1.0 Dat. 10-17 20 7 OPO) 1250 0 
12-19 83 4 | 0.2 1.0 Led 12-19 83 3 14.6 | 22.0 0 
2-6 132 3 0271.0 1.0) 2-0 132 i ili ss WAG 0 
4-10 195 4 Soe aoa OC 4-10 | 195 4 Sen) i Welw 0 


upon the suburban hinterland, sylvatic plague will be increasingly subjected 
to the cleansing process that marks social progress. 


Summary and Conclusions 


A general review of current problems and the present state of sylvatic plague 
in the western United States is given. Historically, emphasis has shifted from 
the large colonial rodents such as ground squirrels to the small, inconspicuous 
native field voles and mice such as Microtus and Peromyscus. ‘The coexistence 
of these small rodents with domestic rats in the vicinity of human habitations 
and the prevalence of enzootic plague in these wild-rodent populations poses a 
potential threat that has as yet not been fully elucidated. Some of the present 
concepts included in the International Sanitary Regulations are fast becoming 
obsolete, since they place major emphasis on classic urban and ship-borne 
plague. Cognizance must now be taken of the potential for transfer of wild- 
rodent plague to domestic rats and thus to humans who could spread the 
infection abroad by modern rapid means of transportation. 
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Brief accounts are presented of the rodents and fleas thought to be of im- 
portance in plague ecology in the San Francisco Bay region. Of several field 
rodents, the vole Microtus californicus is thought to be the chief plague reservoir 
because of its high degree of resistance to Pasteurella pestis and the fact that 
it was found to be parasitized by the important vector species as well as by 
more than 90 per cent of all fleas of all species taken in the area. The fleas 
Hystrichopsylla linsdalei and Malaraeus telchinum, the two most prevalent 
species, were both found to have relatively high natural plague-infection rates 
during epizootic incidents. Of the two, H. linsdalei is an efficient vector by 
blocked individuals, and M. telchinum transmits primarily by mass mechanical 
means. The former is probably the primary plague vector in this region, 
whereas the latter may be a secondary vector of importance. The potential 
for transfer of wild-rodent fleas to domestic rats was experimentally demon- 
strated with radioactively tagged M. telchinum, M. californicus, and Rattus 
norvegicus. It was also shown that plague-infection rates in individual fleas 
taken in the field could be determined, and that this method compared favorably 
with the established method of plague detection by the inoculation of sus- 
ceptible laboratory animals with flea pools. 

Investigations on enzootic-epizootic plague in this region revealed that 
foci are quite delimited; that the disease is actually transferred from wild 
rodents to rats; that an increase in plague incidence in fleas and in rodents is 
not necessarily accompanied by a decimation of the wild-rodent population; 
that an apparent epizootic may occur simultaneously with a rise in the Microtus 
population; and that sylvatic plague may remain dormant and difficult, if not 
impossible, to demonstrate for periods of eighteen months or more, and then 
suddenly become resurgent. 

Although relatively few cases of human plague have been traced directly 
to sylvatic sources, today’s increasing suburbanization is of primary concern, 
since it implies a period of “joint tenancy” between wild rodents, domestic 
rats, and humans. An account of modern methods of diagnosis and treat- 
ment of plague is given, and certain problems arising from a recent fatal human 
case are discussed. 

Finally, sylvatic plague control is distinguished from urban control. The 
primary importance of the control of the domestic rat and the rat flea is em- 
phasized. Sylvatic plague control is conceived of as an emergency measure, 
or as a routine to be established in special instances as an adjunct to domestic 
rat and rat-flea control. Recent field studies with an insecticide-bait-box 


method are summarized, and the current limitations of sylvatic plague control 
are discussed. 
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ANIMAL DISEASE AND BIOLOGICAL WARFARE 


By Jack H. Hempy 
Office of the Surgeon General, United States Air Force, Washington, DAG: 


Any discussion of biological warfare (BW) and defense against it must in- 


clude a serious consideration of animal diseases.1 The close and vital relation- | 


ship of animal disease to human health and well-being in the field of public 
health holds equally true in the field of BW. 
By way of definition, BW is the intentional use of living microorganisms or 


their toxic products for the purpose of destroying or reducing the military } 
effectiveness of man. This includes damage to or destruction of food sources | 
and supplies. The military objective, as in the case of all weapon systems, Is | 


to reduce the will or capability to wage war. 


The statement has been made that BW is public health practice and proce- | 


dure in reverse. This is a common misconception. The difference rests in the 
word ‘‘deliberate.’”’ BW is the deliberate use of natural disease agencies the 
inherent potential of which has been exploited by scientific research and de- 
velopment, resulting in the production of BW weapon systems. 

Medical and military histories both provide us with the proper background 
for a review of modern-day concepts of BW. They tell us that military cam- 
paigns and troop concentrations have always provided fertile fields for naturally 
occurring epidemic disease and, furthermore, that infectious disease has often 
been the critical factor in the outcome of a military campaign. Bubonic plague 


was credited with stopping the Crusaders at the very gates of Jerusalem. Dys- | 


entery probably caused more casualties in Napoleon’s Grand Army than did 
enemy firearms. Typhoid fever and the dysenteries seriously hampered both 
sides in the Civil War and in the Spanish American War. Even as late as 
World War I infectious disease was a controlling factor in some campaigns. 
It is quite clear that typhus fever prevented the Germans from carrying through 
their Balkan campaign. In World War II infectious diseases continued to 
hamper military forces materially. Malariaranked high as an enemy to United 
States forces in the Mediterranean and Southwest Pacific theaters. Scrub 
typhus alone accounted for about 7000 casualties in the latter area. Finally, 
despite our most modern sanitary and preventive-medicine practices we 
know that enteric, infectious Japanese B encephalitis, and hemorrhagic fever 
posed serious problems to the armed forces of the United States in Korea. 
What of the deliberate use of infectious disease for military purposes? His- 
tory records many instances of it. In the Fourth Century B. C., for example, 
Alexander the Great attempted such exploitation by catapulting the bodies of 
dead men and animals over the walls of beseiged cities. It is recorded that 
smallpox was spread successfully among the American Indians during the 
French and Indian War by the distribution of blankets contaminated with 
purulent smallpox material. In more modern times, during World War I, 
the Germans infected with glanders horses that were consigned from the United 
States to the Romanian cavalry. In World War II, German occupation forces 
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m Eastern Europe were said to have been the target of local sabotage efforts 
with bacteriological agents. 
Obviously these efforts were small, local, makeshift, and unorganized. It 
evas not until early in World War II that an officially planned program was 
#levoted to research and development in biological warfare. This work has 
-ontinued to the present time as a recognized activity of the United States 
Department of Defense. Responsibility for carrying out this program was 
‘lelegated to the Department of the Army which, in turn, assigned the opera- 
‘ional responsibility to the Army Chemical Corps. The major portion of the 
-esearch and development is conducted at Fort Detrick, Frederick, Md. Close 
jaison is maintained with other federal agencies in the United States having 
lefensive responsibilities, including the Federal Civil Defense Agency, the 
EPublic Health Service, the Food and Drug Administration, and the Department 
-f Agriculture. The fact that a program of research and development contin- 
tues in permanent facilities constructed for the purpose can be considered as 
precognition of the potential effectiveness of this weapon and thus of the defense 
pproblems that we must be prepared to meet. 
~ The nature of BW dictates its use primarily as a strategic weapon. The 
ajor reason for this is that it has no quick-kill effect. The incubation period 
pof infectious disease, plus a variable period of illness even before a lethal effect, 
render this weapon unsuitable for hand-to-hand encounter. A man can be an 
-effective fighting machine throughout the incubation period of most infectious 
diseases. Thus it is logical to assume that an enemy would probably consider 
this weapon as primarily suited for attack on static population centers such as 
large cities. Consequently, it would appear that a logical approach in BW 
for an enemy would be to create an aerosol or cloud of the agent over the target 
“areas. 
A number of unique medical problems will be created if and when man is 
exposed to an infectious agent through the respiratory route rather than by the 
natural portal of entry. Botulinal toxin, for example, is several thousandfold 
more toxic by this route than when given per os. In some instances a different 
clinical disease picture may result from this route of exposure, making diagnosis 
difficult. In tularemia produced by aerosol exposure, for example, one would 
not expect to find the classic ulcer of “rabbit fever’’ on a finger. 
| What about agents? There are a number of them that an enemy might 
select from the several classes of microorganisms (bacteria, viruses, rickettsiae, 
and fungi). There are, however, certain general characteristics that would 
ly in making a selection. 
ie enemy nay would choose an agent that is believed to be highly 
infectious. Agents that are known to cause frequent infections among labora- 
tory workers, such as those causing Q fever, tularemia, brucellosis, glanders, 
and coccidioidomycosis, all belong in this category. 8, 

Any agent selected would probably possess sufficient viability and virulence 
stability to meet realistic minimal logistic requirements. In this connection 
it should be capable of being disseminated without undergoing excessive destruc- 
tion. Moreover, it should not be so fastidious in its growth requirements as to 
make production on a militarily significant scale improbable. 
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An aggressor would seek minimal naturally acquired or artificially induced 
immunity in a target population. A solid immunity in the target population 
is the one effective circumstance whereby attack by a specific agent can be 
neutralized. It must be remembered, however, that there are many agents 
for which there is no solid immunity and that a partial or low-grade immunity 
may be broken by an appropriate dose of the agent. 

There is a broad spectrum of agents from which selection might be made for 
a specified military purpose. An enemy might choose an acutely debilitating 
agent, one that produces chronic disease, or one that is highly lethal. ; 

It is possible that certain mutational forms, such as drug-resistant strains, 
may be produced. Mutants may be developed with changes in biochemical 
properties that are of importance in identification. All these considerations 
are of critical importance in considering defensive measures. However, despite 
some of the unsubstantiated claims that have been made from time to time, the 
likelihood of creating an entirely new agent of unique virulence or new disease- 
producing capacity is extremely remote. Even the remarkable genetic prog- 
ress made in recent years in the production of bacterial transformation does 
not warrant deviation from this opinion at the present time. 

There are other general considerations in connection with BW agents that 
merit some consideration. 

Biological agents are, of course, highly host specific. They do not destroy 
physical structures, as is true of high explosives. This may be of overriding 
importance in considering some military objectives. 

One must be unremitting in emphasizing that there is no secrecy concerning 
agents that might be included in an over-all BW arsenal. Only certain agents 
will meet the general and specific BW requirements, and we and any potential 
enemy both know them. The production of these agents is not like the in- 
vention or, rather, the synthesis of a new chemical poison. One frequently 
hears it said that ‘‘If we only knew on what agents our potential enemies were 
working, we should know against what to defend ourselves.”’ This is the kind 
of statement that might be made by an ostrich before burying its head in the 
sand. It would be more appropriate to ask ourselves, “What are we doing 
about it? Are we doing enough?” 

In defense against such attacks we must also consider that biological agents 
are suitable for delivery through enemy sabotage. We could let our imagina- 
tions run wild in this regard. I might mention a few obvious areas of signifi- 
cant importance. Food processing, including the preparation of soft drinks 
and the processing of milk and milk products, constitutes an enormous industry 
that is subject to sabotage. Huge industries are also involved in the production 
of biological products, drugs, and cosmetics that are vulnerable to this type of 
attack, I mention these areas because sabotage in them would be far reaching 
In 1ts consequences. 

The possibility of overt military delivery of biological agents from appro- 
priate disseminating devices also must be considered. It should be no more 
difficult to deliver such devices than other weapons. The same means of 
delivery, whether airplanes, submarines, or guided missiles, should be usable. 
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if it is possible for an enemy to drop an atomic bomb on a city, it should be 
squally possible to put a cloud of some biological agent over that same city. 

Another defense consideration is the possible use of biological agents for the 
reduction or destruction of agricultural crops and domestic animals—in other 
swords, antifood biological warfare. The importance of food, particularly 
eduring war, needs no emphasis. Actually, food production is of major concern 
“to most countries even during peacetime. 

BW may find its greatest effectiveness when used against animals. We must 
-also consider that the epizootic potential of antianimal agents would be ex- 
sploited by an enemy. Antifood, including antianimal, BW could play a 
decisive role in any war not decided at its onset. 

Thus far we have touched on certain inherent capabilities of BW and the 


. 


general requirements its agents should possess. In so doing, we find that BW 
might be employed overtly or covertly against man, livestock, and crops. With 


this as a framework for defensive thinking, let us now consider a few of the 
- general features of the problem of defense. 


It is worth while to emphasize that there is a vast amount of medical knowl- 
edge in existence that can be useful. We have had long medical and epidemio- 
logical experience with infectious diseases in both man and animal. We have 
a vast public health effort in existence at the federal, state, and local levels. 
Our preventive medicine practices and methods for disease control are at a 


high level of efficiency. All of these are positive values that can be drawn upon 


now and in an emergency. 

This leaves no room for complacency, however, and we must avoid being 
lulled into thinking that these aids would render BW ineffective. Unfortu- 
nately, this is not the case. All of these techniques have been developed over 
the years for dealing with naturally occurring infectious disease. The military 
exploitation of massive amounts of highly infectious agents through unusual 
portals of entry creates many new problems for which these procedures were 
not designed and against which we have no experience. For example, public 
health practices have been developed for delivering wholesome food to all 
inhabitants in a community, and today we take this for granted. On the other 


| hand, there is no known public health procedure that will deliver sterile air to 


all inhabitants of a city. Defense against a massive biological aerosol is a new 
and critically serious problem. Me 
In the light of such a possibility, prophylaxis by active biological immuniza- 
tion may well be considered the most important defensive procedure of all. A 
number of effective immunizing materials are already available for some 1n- 
fectious diseases. On the other hand, there are a number of potential BW 
agents against which there is no known method of immunization. In other 
cases the value of the immunizing material continues to be questionable. 
Consequently, we must encourage all possible research that is devoted to the 
development of new methods of active immunization or the improvement of 
existing ones. Ancillary research dealing with host-parasite relationships will 
also have positive defense value. Asa further incentive, research of this nature 


has great peacetime value. 
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Another defense procedure of potential value lies in the possible prophylactic 
use of antibiotics and chemotherapeutic drugs. However, here again we must } 
avoid being lulled into a false sense of security. For example, published articles 
have expounded the thesis that our enormous antibiotic industry has made } 
BW obsolete. This idea verges on the ridiculous for several reasons. To per- } 
mit such reasoning to guide our defense planning would be dangerous, indeed. | 
There are many potential BW agents for which there is no known effective anti- 
biotic or drug. Among these may be mentioned Coccidioides immitis, Histo- 
plasma capsulatum and, more importantly from a BW standpoint, most of the 
filtrable viruses. Moreover, what of the not-unlikely possibility of drug-resis- 
tant agents? 

Much more space than is available here could be devoted to still other and 
equally significant defensive problems, including detection, disease reporting, | 
decontamination, and protective equipment. As stated above, my purpose 
here is merely to suggest some areas of investigation that are pertinent to the 
problems of defense against BW. Unfortunately, in the world as it is today 
we must give serious attention to the negative aspect of the ever-growing body 
of evidence that man’s health and well-being progress in direct relationship to 
his successes in the prevention, control, and treatment of animal diseases. 
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Part VII. Selected Chronic Diseases 


A COMPARISON OF RHEUMATOID-LIKE ARTHRITIS IN 
SWINE AND RHEUMATOID ARTHRITIS IN MAN* 


By Dennis Sikes 


Department of Pathology and Parasitology, University of Georgia, Athens, Ga. 


The problem of arthritis in man, his domestic animals, and other members of 
the vertebrate subkingdom dates to antiquity. The earliest known case of 
multiple arthritis is in a fossil vertebrate of a large swimming reptile, the plate- 
carpus, which is calculated to have lived approximately $00,000,000 years ago, 
a skeleton of which is in the Museum of Natural History at the University of 
Kansas,! Lawrence, Kan. According to Hollander! chronic arthritis of the 
spine was present in the ape man of 2,000,000 years ago, as well as in the Java 
and Lansing men of 500,000 years ago, and in Egyptian mummies dating to 
8000 B.C. The Romans built baths throughout their empire because of this 
disease. 

Hollander! estimates that more than 10,000,000 people in the United States 
have some form of rheumatic disease, and that more than 4,500,000 of these 
have some form of arthritis. Of those with arthritis, 190,000 are completely 
disabled and another 1,143,000 are partially disabled. 

Swine erysipelas is an infectious and contagious disease of swine that causes 
a relatively high morbidity with a low mortality rate in most affected herds. 
The causative agent, Erysipelothrix rhusiopathtae, derives its name from the 
Greek erysipelas = red skin, thrix = a hair or thread, rhusis = reddish, and 
pathos = a disease. According to Bergey” the swine erysipelas organism has 
been assigned to the family C orynebacteriaceae and genus Erysipelothrix. The 
organism was described by Pasteur and Dumas,’ and Loeffler! is credited with 
the first observation of the organism in swine. He observed the organism in 
the blood vessels of a pig that apparently had died from swine erysipelas and 
thought that it was similar to Koch’s Erysipelothrix muriseptica. Later Rosen- 
bach® reported his classic studies of the organism and suggested the names 
E. muriseptica, E. porci, and E. erysipeloides for the mouse, pig, aud human 
organisms, respectively. 

Konst® indicates the possibility that two variants of E. rhusiopathiae exist: 
the highly virulent one prevalent in Europe and a less virulent one in North 
America. The observations of Breed? do not support this concept, for the 
disease is spreading in North America and is of great economic importance. 
It may be that the more virulent strains have been imported in swine originating 
in Europe. The relationships of the microorganisms isolated from man, sheep, 
chickens, turkeys, and swine have been studied by Beaudette and Hudson,* 
Klauder and Harkens,’ and Van Roekel, Bullis, and Clarke,”° who were unable 
to show any significant cultural differences between strains. 

* The work reported in this paper was supported in part by Research Grant A-1120 
(C2) from the National Institute of Arthritis and Metabolic Diseases, Public Health Service, 


Bethesda, Md. 
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Natural outbreaks of E. rhusiopathiae infections have been recorded in sheep, 
cattle, horses, turkeys, ducks, peacocks, pheasants, and farm-raised mink 
(Beaudette and Hudson,’ Graham, Levine, and Hester,!! Marsh,” Paterson 
and Heatley"). Also, according to Klauder, Righter, and Harkens," human 
infections have occurred from handling fish. 

For more than a century in Europe, the economic importance of swine ery- 
sipelas has been emphasized, but it has reached serious proportions only in the 
last two decades in the United States. According to a study made by the Or- 
ganization for European Economic Cooperation (OEEC),!° all of the European 
nations reported that the disease was affecting many herds of swine. 

In the United States arthritis in swine has rated second or third in responsi- 
bility for the number of swine carcasses condemned at federally inspected meat- 
packing plants for the last ten years, according to the annual reports of the 
Chief of the Bureau of Animal Industry, United States Department of Agri- 
culture. The number of carcasses condemned in 1952 was 22,196. This 
represents only a small fraction of the true incidence of the disease complex, 
because the animals sent to slaughter for human consumption are thought to 
be healthy. It is generally known that lame animals are condemned, and swine 
producers do not ordinarily send arthritic animals to market. Obviously, the 
great majority of affected animals remain at the farm until they recover or die. 


Pathological Changes in Acute and Chronic Swine Erysipelas 


The lesions of swine erysipelas are varied. Sikes ef al.” have shown that, 
in animals that die of the acute septicemic form of the disease, pathological 
changes observed at necropsy may be no different from those observed in any 
other septicemic disease. The skin lesions perhaps are more nearly pathog- 
nomonic than any other finding (FIGURE 1). Damage to the blood vessels of 
the skin resulting in the peculiar type of erythema presumably was due to the 
action of the organism and its by-products. The histopathological changes 
occurred principally in the papillae and in the subpapillary and upper layers of 
the dermis. The blood vessels were distended, and the papillae were enlarged 
and showed marked hyperemia. Frequently, small hemorrhages were observed 
in the connective tissue elements of the papillae (FIGURE 2). Numerous foci 
of round cells and necrotic areas were present. In the urticarial lesions, 
marked edema of the skin occurred in the wheals. Dilation of the vessels and 
numerous thrombi were present. Capillary hemorrhages appeared especially 
in the papillary layer. The chief difference in the skin lesions of swine with 
the acute septicemic form and those showing urticaria was in the degree of 
damage done. 

They also observed pronounced white blood cell dyscrasia. A significant 
and marked leukopenia, lymphopenia, neutropenia, and a monocytosis occurred 
in the acute phase of the disease. This appears to be the most critical phase of 
the disease as related to survival or death of the animal. In acute swine ery- 
sipelas the adrenal glands were enlarged and, frequently, subcapsular hemor- 
rhages were observed. In chronic cases lasting two months or more the adrenal 
glands were often swollen to twice the normal size and were very soft; the zona 


Sikes: Rheumatoid-Like Arthritis in Swine and in Man 719 


Ficure 1. Extensive erythema of 
following intravenous exposure to Erysipelothrix rhusiopathiae. 


the skin of a white hog with acute swine erysipelas 


glomerulosa was infiltrated with many leukocytes, and complete or almost 
complete disappearance of this zone occurred in some cases. Numerous foci 
of round cells were often scattered throughout the fascicular and reticular zones. 
The medulla usually appeared normal, but some showed atrophic or degenera- 
tive changes. In advanced cases of chronic arthritis a disruption of the normal 
architecture of the glomerulosa and a reduction in thickness occurred. 

Collins and Goldie! and Sikes, Neher, and Doyle!® observed, in the acute 
stages of FE. rhusiopathiae arthritis, that the principal changes in the joints were 
characterized by vascular engorgement of the joint capsule and synovial tissues 
and more or less edema. The effusions were turbid or serosanguineous or 
mucinous. The synovial villi showed beginning proliferation, extensive vasodi- 
lation, engorgement, and incipient lymphocytic infiltration. 

In arthritis of two months’ duration greater proliferation and less edema were 
observed. Much proliferation of the cells covering the hypertrophied synovial 
villi was present. The villi contained young highly vascular connective tissue 
infiltrated with plasma cells and lymphocytes. A striking feature was the 
dense collection of lymphocytes (FIGURE 3). The villi of arthritic joints of six 
months’ or longer duration frequently resembled granulomatous polyps (FIGURE 
4). Very few polymorphonuclear leukocytes were observed, and the infiltrating 
cells were principally lymphocytes, plasma cells, and eosinophils. Less exten- 
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FicurE 2. Hemorrhages in the skin of an experimentally produced case of acute swine 
erysipelas. 200. 


sive destruction of cartilage and bone than that which characterizes suppurative 
arthritis in other species was observed. The synovial effusions were nonpuru- 
lent and contained mostly monocytes, lymphocytes, and a few synovial cells. 

In advanced chronic arthritis with pannus formation of subchondral origin, 
marked fibrosis of the adjacent marrow spaces, increased vascularity, and col- 
lections of lymphocytes occurred. In those cases in which the pannus appar- 
ently originated from the synovial membrane, subchondral fibrosis was less 
likely to occur (FIGURE 5). Pannus attachment to the articular cartilage was 
accompanied by erosions and destruction of the cartilage. In advanced cases 
with little or no synovial fluid, intra-articular fibrous adhesions formed, ap- 
parently in an attempt to immobilize the joint. 

Radiograms revealed osteophyte formation with apparent ankylosis of the 
carpal and tarsal joints (FIGURE 6). Also, the articular processes of the verte- 
brae frequently appeared to be fused. Irregular ossification and rarefaction of 
bones adjacent to the joints were frequently observed. In hogs that spon- 
taneously recovered no gross abnormalities were observed. 


Pathological Changes in Rheumatoid Arthritis in Man 


The pathological alterations of the tissues in rheumatoid arthritis are wide- 
spread throughout the body, according to Hollander,' who emphasizes joint 
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Ficure 3. Proliferation of the synovial villi, with accumulation of round cells. 170. 


changes first, then lesions of muscles, nerves, tendons, bursae, integument, and 
serous membranes of the heart, kidneys, reticuloendothelial structures, and 
intestines. Collins?° also places great importance on the joint changes supple- 
mented by other tissue change. Both of these authors agree that the micro- 
scopic pathology of synovial membranes in rheumatoid arthritis is quite char- 
acteristic, and that the basic pattern may be considered pathognomonic of 
rheumatoid arthritis, as it is not exactly duplicated in any other articular dis- 
ease. The basic pattern consists of hypertrophy, vascularization, cellular 
infiltration, accumulations of inflammatory cells in follicle-like collections, and 
pannus formation. 

Several components of the synovial membrane undergo hypertrophy. The 
endothelial lining may reach several cells in thickness. The stroma is increased 
in amount, being fibrillar, infiltrated with fat, and obscured by cellular filtrate 
in some cases. The villous folds of the lining become hypertrophied, causing 
the villi to be enlarged. 

Vascularity of the synovium may be profuse or modest. The walls may be 
thickened, and whorls of fibrous tissue surround the medial coats. The veins 
frequently are dilated. 

The cellularity is variable from case to case. Lymphocytes, plasma cells, 
reticuloendothelial cells, polymorphonuclear leukocytes, fibroblasts, and a few 
giant cells appear in the subendothelial layer. 


Ficure 4. Granulomatous polyp formation in advanced arthritis. 170. 


Figure 5. Section of carpal bone, showing lateral pannus formation extending between 
articular surfaces, 
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Ficure 6. Photograph of an X ray, showing closure of carpal spaces. 


Follicle-like collections of chronic inflammatory cells are present in the syno- 
vial membranes of rheumatoid arthritis. These follicles consist mainly of 
lymphocytes and some retic uloendothelial cells. Im some cases they are sparse; 
in others they are collected densely throughout subendothelial tissues. 

The formation of pannus is a most important phenomenon in the pathological 
process. It may arise from the lateral margins of the synovium or, occasionally, 
subchondrally. In any case it may appear reddened and rough, with irregular 
margins resulting in the destruc tion of cartilage. In these cases fibrous tissue 
covers the epiphyseal bone, thus leading to fibrous intra-articular adhesions. 

The pathological changes in epiphyseal bone near the affected joint are os- 
teoporosis, folli le-like accumulations of lymphocytes in marrow spaces and 
granulations, absorption of bone, eburnation of subchondral bone, and produc- 
tion of osteoid tissue in the marginal zone. 

In cases of spondylitis the discs show progressive atrophy with narrowing of 
intervertebral spaces. Osteoid tissue grows through the degenerated discs 
and later forms bone, resulting in bony adherence of the vertebrae. In late 
cases intervertebral ligaments may become calcified; other bones such as 


ischium and pubis may be affe ted. 
Discussion 


Erysipelothrix rhusiopathiae infec tion in swine may be acute, subacute, or 
chronic. Frequently, arthritis is a sequel to these forms of infection (Sikes, 
Neher, and Doyle)." A distinctive feature of the pathological process is 1ts 


chronic proliferative nature without the formation of pus and destruction of 
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bone that is characteristic of other bacterial infections of joints. Few or no 
polymorphonuclear leukocytes are present. The synovial effusions are sero- 
sanguineous and mucinous, similar to those observed in rheumatoid arthritis in 
man. 

The formation of hypertrophied synovial fringes whose villi become bulbous 
with focal collections of lymphocytes resembling germinal centers is common to 
both diseases. These villi become greatly enlarged and granulomatous later in 
the disease and are very active even in the absence of an infectious agent. 
Sikes, Neher, and Doyle” were not able to isolate an infectious agent after 226 
days after exposure, yet the disease persisted in an active form with periods of 
remission and exacerbation. Collins and Goldie'® believe that one of three 
things may happen in chronic arthritis due to £. rhusiopathiae infections: (1) 
the lesions may resolve and the joint may recover; (2) healing of the damaged 
tissue may take place by fibrosis, and this may include the formation of intra- 
articular adhesions; or (3) the synovial granulation tissue may assume certain 
properties of a benign neoplasm and persist and extend in the absence of the 
exciting microorganisms, thus maintaining the arthritis in a state of clinical 
activity. Just what factors are responsible for this excitement of the arthritic 
condition in the absence of an infectious agent remains to be discovered. Sikes, 
Neher, and Doyle!’ have suggested that perhaps adrenal and kidney pathology 
play an important role in this syndrome. 

Pannus formation, destruction of cartilage at the site of pannus attachment, 
and subchondral cellular reaction are common to £. rhusiopathiae arthritis of 
swine and rheumatoid arthritis of man. Intra-articular fibrous adhesions and 
rarefaction of the bone as revealed by X ray are also common to both diseases. 
Gross destruction of bone does not occur in either disease. Perhaps no further 
analogy should be drawn between the two maladies until the cause of rheuma- 
toid arthritis in man is known. 


Summary 


A description of the pathology of Erysipelothrix rhusiopathiae infections in 
swine is given, the major pathological joint changes in rheumatoid arthritis in 
man are discussed, and a comparison of the pathology of E. rhusiopathiae 
arthritis in swine and rheumatoid arthritis in man is made. 
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Introduction 


With the discovery that certain tumors can be transmitted by means of cell- 
free extracts, interest naturally arose in possible comparisons between neoplastic 
viruses, on the one hand, and viruses of the traditional sort, on the other. As 
a consequence of this interest attention has been drawn to situations in which 
viruses of classic inflammatory disease can give rise to disease that is histologi- 
cally neoplastic. For example, interest has revived in A. Borrel’s studies of 
sheep pox and of fowl pox.' This investigator showed that the viruses of these 
diseases induced both necrotic and proliferative lesions and were, in fact, once 
designated as “contagious epithelioma.”! E. Roux observed pulmonary adeno- 
matosis in sheep infected with sheep pox virus,” and papillomas have been ob- 
served at the sites of the lesions of contagious pustular dermatitis in sheep.* 
Smallpox, cowpox, rabbit pox, mouse pox, and other members of the pox group 
of viruses also can show a proliferative phase, as well as the better-known 
necrotizing phase. 

Conversely, viruses that ordinarily cause tumor formation can produce in- 
flammatory and necrotizing disease under certain conditions: according to 
dosage, inoculation route, host age, and host resistance. F. Duran-Reynals 
has demonstrated the inflammatory character of the Shope fibroma virus in 
newborn rabbits, and of the Rous sarcoma virus in young chickens.’ In some 
recent work, Duran-Reynals* has shown that mice pretreated with methyl- 
cholanthrene and cortisone and then inoculated intradermally with vaccinia 
virus develop tumors rapidly in the sites of the healed vaccinia lesions. AL 
though at present it is not possible to say whether vaccinia participates directly 
in the formation of those neoplasms, it can be said at least that the vaccinia 
lesion appears to be an optimal ground for the development of malignancy. 

A second important question for students of neoplasia is the role of viruses in 
the production of tumors in general. From observations made by many 

_ * The work reported in this paper was supported in part by the American Cancer So- 
ciety, Inc., New York, N. Y. 
} Deceased, 
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workers on a variety of experimental animal neoplasms there has emerged a 
tentative explanation for some, at least, of the apparent contradictions between 
the observed epidemiology of neoplasm in natural populations and the concept 
of viral transmission. A group of transmissible neoplastic diseases of sheep has 
been chosen to serve as a possible model for the study of neoplasms occurring 
in natural populations. 

These sheep diseases occur in a variety of forms, ranging from infiltrative 
pneumonia to metastasizing carcinoma. In this paper they are considered to 
constitute, together, a complex of related diseases; for convenience they are 
referred to here as “sheep pulmonary adenomatosis,”” or SPA, even though a 
few forms do not show adenomatous features. The reason for considering these 
various diseases as members of a single group will be discussed below. 

Considered from either viewpoint, the SPA complex is of particular interest, 
since: (1) at least some, and probably all, forms are infectious; (2) members of 
the SPA complex range in pathology from inflammatory or infiltrative to car- 
cinomatous; and (3) various forms of SPA, while almost certainly of viral 
etiology, can occur in both epizootic and enzootic form, thus resembling both 
the picture of classic viral transmission (epizootic) and that of natural tumor 
epidemiology (occurring at low rates, or enzootic) in which viruses are not 
ordinarily thought to be implicated. Examples of the last case are certain 
tumor conditions, such as mouse leukemia,’ fowl lymphomatosis,* and the mouse 
mammary gland carcinoma,’ which occur at enzootic levels in wild populations 
and yet were shown, after the development of inbred strains of the host species 
involved, to be propagable by means of viruses, just as are many of the tra- 
ditional epizootic inflammatory diseases. The study of SPA, therefore, may 
be useful in formulating unifying theories concerning the pathology and the 
etiology of inflammatory and neoplastic diseases, and also in understanding the 
etiology of natural tumors. 


The History of SPA 


SPA was first recognized by J. M’Fadyean in 1888, as a rather rare adeno- 
matous condition occurring in certain flocks of sheep in England.'° A report 
from Germany followed in 1899." A commercially significant infiltrative 
pneumonia was observed in South Africa in 1904 by W. Robertson" and re- 
ported there again in 1915 by D. Mitchell. A chronic progressive pneumonia 
with some adenomatous overtones was reported from North America by H. 
Marsh" in 1922, and a more adenomatous form was reported from France by M. 
Lesbouyries and A. Bonnac in 1940.1 Perhaps the best-studied forms of SPA; 
from the viewpoint of epidemiology and mode of transmission, are two diseases 
of Icelandic sheep. One, pulmonary adenomatosis, 1S largely adenomatous in 
character; the other, Maedi (an Icelandic word meaning dyspnea), is of the 
infiltrative type. Both forms, which occur as separate but presumably related 
diseases, were introduced by two karakul rams in a single shipment from Halle, 
Germany, in 1933. The diseases were not widely disseminated in Germany at 
that time, and did not appear in Iceland until 1936; nevertheless, it was possible 
to trace the infections back to the original carriers that had arrived three years 
earlier. '® The two diseases subsequently became grave commercial problems 
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in Iceland. Finally, a metastasizing adenocarcinoma somewhat resembling 
jaagsiekle (see below) in section was reported from Peru in 1945 by A. Cuba- 


Caparo.” 
The Pathology of SPA 


Beginning at the “inflammatory” end of the SPA spectrum is an Icelandic 
disease, Maedi (r1GurE 1a). A highly contagious illness, Maedi requires about 
three years from the time of infection to manifest clinical signs; death usually 
follows a few months later. B. Sigurdsson'® and Sigurdsson e/ al.!* have shown, 
however, that development of the disease actually begins within a few months 
of exposure, in the form of numerous infiltrative nodules that progressively 
increase in number and size until respiration is impaired sufficiently for the 
appearance of external signs. These consist of emaciation, rapid and shallow 
breathing, moist rales on auscultation, and general weakness. The signs in- 
variably progress until death results. On necropsy the lungs are massively 
infiltrated, presenting large grayish areas that seem to consist of small confluent 
nodules. The cut surface is firm or friable, often dry, while the weight of the 
lungs is threefold to fourfold that of normal lungs. The tissue is often sterile. 
On section (FIGURE la) the lungs are seen to be engorged with cells of lympho- 
cytic type, with a tendency toward the formation of clusters. There is no sign 
of adenoma or of irritation. Necrosis is not prominent. A series of carefully 
performed experiments has shown clearly that Maedi is highly contagious by 
means of air and fecal contamination of drinking water.!® '8 Also in Iceland, 
in territory largely different from that of Maedi, but overlapping it, there occurs 


Ficure 1. (a) Maedi of Iceland. Infi i i 1 
eee ae and. Infiltrative, necrosis lacking. 200. (6) C i 
Led we edt of lve, SiS le : : onta 
Pe onaay, acdenomatosis of Iceland (Icelandic PA). Infiltration plus adenoma 5200, 
(specimens furnished by Bjérn Sigurdsson, University of Iceland Reykjavik, Iceland ) 
) » Rey ; and. 
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another form of SPA (FIGURE 1b) that has been named epizootic pulmonary 
adenomatosis or Icelandic PA. Unlike Maedi, which seems to have a somewhat 
longer development period, Icelandic PA shows considerable proliferative 
change, with slight-to-pronounced infiltration,'® much of which does not appear 
to be of an irritative nature. Metastasis has not been observed. Spread of 
the disease is thought to have been facilitated by the Icelandic practice of 
“huddling,” or closely confining, the sheep in barns during the winter. This 
disease, together with Maedi, had rendered commercial sheep raising all but 
impossible until both diseases were eradicated within a few years by a radical 
slaughter program following their recognition as contagious diseases. At this 
writing, neither disease has been observed in Iceland for more than 4 years, 
although it was not uncommon, in the mid-1940s, for 60 ner cent of infected 
flocks to be lost within the span of a few years." 

A situation similar to that in Iceland exists in South Africa, where a form of 
SPA very similar to Maedi,Graaff-Reinet disease, occurs side by side with 
jaagsiekte, a form more similar to or identical with Icelandic PA.” *! Graaff- 
Reinet disease (FIGURE 2a) seems to involve infiltration of rather more uni- 
form character than in the case of Maedi, there being less tendency toward 
the formation of clusters of lymphocytic cells, and a somewhat shorter develop- 
ment period. Histologically, Graaff-Reinet disease, so named in recognition 
of the high incidence of that form near the Graaff-Reinet experimental station 
+n the Union of South Africa, resembles progressive pneumonia, and also lacks 
obvious features of irritation. On the other hand, jaagsiekte (FIGURE 2b), or 


i sence, can i ith little si f endo- 

ff-Reinet disease, South Africa. Infiltrative, with little sign of . 

cer aie 200. (b) Jaagsiekte, South Africa. Adenoma, with or without 

Pe eed cutitcative change. 200. (Specimens furnished by G. deKock, Liesbeck Clinic, 
Cape Town, and G. leRoux, University of Pretoria, Onderstepoort, Union of South Africa.) 
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“driving sickness,” so named following the observation that the first clinical 
signs of the disease commonly appear during exercise, seems to be variable in 
the comparative amounts of adenomatous versus infiltrative changes that 
occur. Jaagsiekle, the prototype of SPA, is referred to here as representing the 
more adenomatous form of the disease. Both forms, however, occur in the same 
territory, and it does not seem possible to separate them into distinct entities, 
since there is considerable gradation of one form into the other. Adenomatous 
cases, however, can often be distinguished clinically from infiltrative cases, 
because the former tend toward the production of more or less large amounts 
of mucous exudate, which is discharged through the nostrils. Metastasis has 
not been observed in either form. 

The North American form of SPA, called ‘progressive pneumonia,” or 
“chronic catarrhal pneumonia,” is confined to Montana and a few other western 
states. The disease appears in range sheep, and is commonly first observed in 
the spring of the year, infection possibly occurring during the winter. The 
subsequent development of the disease is typical of that of the SPA complex, 
afflicted sheep (“‘lungers’’) dying of asphyxiation or secondary bacterial pneu- 
monia 3 to 12 months after the first appearance of clinical signs." 

As in Iceland and in South Africa, SPA of Montana presents both the infil- 
trative and adenomatous aspects of this disease, but both forms are more 
likely to occur in the same animal, the adenomatous form being less conspicu- 
ous. After a study of both forms, E. Cowdry and H. Marsh” concluded that 
jaagsiekle and Montana SPA were probably essentially the same disease. 
Histologically, the inflammatory aspect (FIGURE 3a) is an infiltrating pneu- 


: =i a ot e : : 
FicurE 3. (a) Chronic catarrhal pneumonia, United States. Infiltrative form. 200 
(b) Chronic catarrhal pneumonia, United States. Adenomatous form accompanying the in- 


filt ative orm. (Specimens furnished b H le rh sh Li est ck oa 1 
\ ad e1g Ma ; 
H | Mc t ) x1 ) ) Vv O S ita y Board, 
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‘monia, showing a marked tendency toward the early formation of peribronchio- 
lar clusters of cells resembling lymphocytes. As the disease progresses, inva- 
sion becomes more generalized, resulting in greatly thickened interalveolar 
walls and cuboidal transition of the alveolar lining. In the later stages of the 
.disease a striking adenomatous change often occurs as an accompaniment of the 
-characteristic pneumonia (FIGURE 3b). Marsh” believes that Montana SPA 
like Maedi, is transmissible on contact and, although this author does not on 
sider the adenomatous condition to be neoplastic, it has not been possible in our 
experience to distinguish Marsh’s material from lesions that have long been 
classed as neoplasms in human pathology. Furthermore, Montana Seay 
whether the pneumonia or adenoma form prevails, is invariably progressive, 


as in Iceland and in South Africa, which does not seem to suit the hypothesis 
that the changes are hyperplastic reactions to nonspecific stimulation of normal 
Jung tissue. Although it is well known that, in man at least, many irritants, 
such as poisons, can cause pulmonary hyperplasia that somewhat resembles 


adenoma,2**° hyperplasia does not, in our opinion, closely resemble legitimate 
cases of SPA. The crux of the nomenclature problem seems to depend, in the 
case of pulmonary adenoma, upon whether metastasis is observed. The fact 
that neither Icelandic, South African, nor Montana SPA has been observed to 
form metastasis is of somewhat diminished consequence, however, since closely 
related forms of SPA from France and from Peru do show metastasis. 

The French form of SPA, bouhite, derives its name from a patois term meaning 
“panting.” Histologically it is close to Montana SPA, with the reservation 
that adenoma generally accompanies infiltration and is often, in fact, the domi- 
nant feature of the disease. Metastasis to the mediastinal lymph nodes or to 
subcutaneous lumbar lymphatic tissue has been shown in two cases.* # The 
infiltrative aspect of bouwhile closely resembles lymphomatosis, and the term 
“malignant pulmonary lymphomatosis” has been suggested by Lucam for 
this disease* and for others of the complex that show parenchymal infiltration 
by cells of the lymphocytic series in the absence of massive necrosis or obvious 
irritation. Actually, all forms of the complex show this leukotic aspect to 
some degree. Predisposition toward boulite may be associated with the 
ingestion of resinous matter in pine forests, judging from the distribution of 
the disease in France, although there is no positive evidence to support this 
theory.** One case, in fact, has been reported from the Department of Seine- 
et-Marne, where contact with pine resin is less likely.*® 

As it appears in Peru (FIGURE 4), SPA cannot escape classification as car- 
cinoma, since lymph node metastasis has been observed” (FIGURE 4b). Infil- 
trative aspects are subdued. The disease is recognized in the field by respira- 
tory distress following exercise and by discharge from the nostrils of large 
amounts (often a liter or more a day) of mucous exudate, presumably produced 
by the adenoma or adenocarcinoma.” Except for the sparseness of the in- 
flammatory change, Peruvian SPA closely resembles jaagsiekle and other 
adenomatous forms of SPA. Like them, Peruvian SPA is invariably progres- 
sive. The disease occurs preferentially at altitudes of several thousand 


feet. 
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Ficure 4. (a) Pulmonary adenomatosis of Peru. Adenomatous; infiltration slight to mod- 


erate. >250. (b) Lymph node metastasis, pulmonary adenomatosis of Peru. The same 
sheep as in (a). 250. 
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The Epidemiology of SPA 


Beginning in the 1920s SPA seemed to increase sharply in world-wide 
incidence and distribution, although part of the apparent increase was un- 
doubtedly due to its recognition as an important disease in commercial flocks. 
SPA has also been reported, at one time or another, from The Netherlands,** 
Scotland,*”*® Israel,#? and Central Africa! In recent years SPA may have 
begun a natural decline in incidence, at least in Peru,” the United States,” 
and Iceland (even before the artificial eradication of the disease there),"* possibly 
showing the declination of a long-term epidemic curve. In addition, many 
parts of the world have never reported the disease. The principal factor in 
distribution does not seem to be entirely one of host susceptibility, since sheep 
from regions free from SPA have been shown to be susceptible when inoculated 
with extract of diseased lung’! or when moved to infected areas.*® Certain 
breeds, however, such as the Adalbol, were discovered to be partially refrac- 
tory to the Icelandic disease," and others, including the Merino, to the South 
African disease.‘* 

The contagiousness of SPA was suspected by its first describer, M’Fadyean, 
who believed it to be a form of verminous pneumonia caused by Strongylus 
infestation. Other workers, however, showed that worm infestation did not 
necessarily accompany the disease, and studies in Iceland failed to show a corre- 
lation between occurrence of SPA and infection with any particular parasite 
or microorganism." “” At one time the sheep ked, Melophagus ovinus, was 
suspected as a vector in Iceland, but Maedi was not induced in sheep bitten 
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»y specimens taken from heavily diseased hosts.*° A virus came to be sus- 
rected as the etiological agent when SPA was observed to occur in epizootics 
a South Africa and Iceland. At the present time there remains no doubt that 
t least some forms are virus induced. Transmission by extracts of diseased 
_mg has been effected with the Montana,** Icelandic,'* “ “ and Central 
African® forms of SPA. The Icelandic form, Maedi, apparently can be 
sransmitted by air and by means of fecal contamination of drinking water," 
nd Shirlaw* claims to have recovered a specifically antigenic virus after two 
serial passages of extracts of lung from cases of Laikipia lung disease (of Central 
*\frica) in the yolk sacs of hen’s eggs. Many attempts to transmit the disease 
-xperimentally, however, have been complicated by the fact that adequate 
-solation of control animals is extremely difficult. The difficu!ty of accomplish- 
ng effective isolation implies that contagiousness may be of a high order, in 
.pite of the fact that the attack rate is usually well below 30 per cent. Another 
actor making for uncertainty in the results has been the length of the latent 
5eriod, which has been shown in some forms to be from 1 to 3 years in duration. 
Some of the negative experiments were undoubtedly terminated before the 
evelopment of clinical disease. A few attempts have been made to transmit 
Fe disease by means of filtrates, but it is felt that the results are not entirely 
sonclusive because of the small numbers of animals used in the experiments, 
or because of difficulties in maintaining strict isolation of inoculated sheep. 
In one experiment Dungal observed SPA in 3 of 8 Icelandic sheep receiving 
sa Gradacol filtrate (0.9 mu pore diameter) of glycerine solution through which 
sick sheep had been required to breathe. In another experiment 6 of 38 sheep 
«developed SPA 4 to 9 months after receiving injections of Berkefeld, Chamber- 
land, or Seitz filtrates of infected lung. In both experiments the uninoculated 
»control animals remained free of disease.** In an experiment performed by 
-G. Creech and W. Gochenour,* 23 sick sheep were shipped from Montana to 
Maryland, where SPA is unknown, and 96 Maryland sheep were exposed to the 
disease, either by inoculation (81 sheep) or by contact (15 sheep). None of 
the sheep exposed by contact developed the disease, although 4 of the 81 sheep 
inoculated with sterile extracts of diseased lung developed SPA in 3 to 12 
months, and 7 other cases of slight pneumonic lesions were noted on histological 


section at autopsy. 


The Serology of SPA 


The attempt to establish several geographically separated and histologically 
varying diseases as members of a single complex certainly should include 
serologic studies of the agents involved and the distribution of antibodies in 
infected and uninfected flocks. Unfortunately, the agents involved have been, 
and remain, extremely elusive, with the exception of the previously mentioned 
case reported by Shirlaw.” The partially purified agent obtained by inocu- 
lating lung extract from sheep ill with Laikipia lung disease into the yolk sacs 
of embryonated hen’s eggs fixed complement with high dilutions of serum from 


sick sheep, but not with that from healthy sheep of the same area. Formalin 


treatment of the preparation is reported to result in a vaccine that reduces the 
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natural incidence of disease from 30 per cent to about 1 per cent when the } 
vaccine is administered within the first month of life. Further evidence for 
the antigenicity of SPA agents is the observation made in Peru by one of us 
(A. Cuba-Caparé), that formalin-treated suspensions of diseased lung emulsion 
are effective as vaccines. No complement fixation tests have been done with 
the Peruvian form. In a careful search no complement fixing activity was 
found in the Icelandic form, Maedi. All attempts to cultivate the agents of 
Maedi and of Icelandic SPA have failed, and extracts of diseased lung, prepared 
in various ways, have been found to be devoid of the ability to fix.complement 
with serum from sick sheep, or to produce specific hemagglutinins.'® 

Unfortunately, no general method for the demonstration of specific antigen 
in the lungs of diseased animals is available; consequently, it has been impossible 
to determine whether serologic relationships exist between geographically 
separated forms of SPA. 


The Host Range of SPA 


All evidence available indicates that the host range of SPA is extremely 
narrow, the disease being transmissible only from sheep to sheep, although 
pulmonary adenomatosis or infiltrative pneumonia have been observed in 
man,‘*-®> cats,°® guinea pigs,” mice,* chinchillas (E.J.), goats, horses,®® 
hogs,”* cattle,?° a tiger,* a deer,®® and many other animals. Our attempts to 
transmit Montana SPA to Swiss mice, hamsters, and chinchillas, as well as to 
induce replication of an agent in embryonated hen’s eggs, have failed up to 
the present time. Early speculation that pneumonia occurring in sheepherders 
may be derived from SPA-infected sheep is now believed to be unfounded; 
PA has not been reported in man in Iceland, although that country has suffered 
the most devastating attack rate of this disease in sheep. Over a period of a 
few weeks glycerol-stored material from a case of PA in man did not give rise 
to lesions when inoculated into a monkey, into rabbits, and into guinea pigs.*! 
The possibility exists that cultivation of an agent of SPA in embryonated 
eggs or in tissue cultures might allow the demonstration of a wider host range 
than has been shown to exist. 


Experimental 


In our experiments attempts have been made to transmit the North American 
form, sheep progressive pneumonia, to other sheep, using lung tissue from 
diseased sheep. The lung tissue was taken from diseased Montana sheep that 
were sacrificed for the purpose, frozen on dry ice, and shipped to our laboratory 
by Hadleigh Marsh of the Livestock Sanitary Board, Helena, Mont. Sterile 
saline extracts were inoculated intravenously in lambs 1 to 7 days old, some of 
which were simultaneously treated with methylcholanthrene by intraperitoneal 
injection in sesame oil to determine whether a carcinogenic agent might acceler- 
ate the development of the disease or shift its expression from infiltrative and 
inflammatory to a more neoplastic type. Other groups received methyl- 
cholanthrene with no extract of infected lung and were separated from the 
inoculated lambs by means of a board fence. A few lambs receiving no treat- 
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nent were allowed to mingle with the inoculated group, and a few with those 
seceiving only methylcholanthrene. Sheep from these groups were sacrificed 
and examined at intervals. 

Eight sheep sacrificed at 4 months showed no significant Jung lesions. In 5 
sheep sacrificed at 8 months, however, apparent incipient proliferative lesions 
of the pulmonary alveolar epithelium were found in both of the sheep that 
~eceived infected lung extract (FIGURE 5,a and b). Here the alveolar sacs are 
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lined in places by cuboidal epithelium. Of those animals receiving lung 
extract, one showed the infiltrative condition characteristic of Montana progres- { 
sive pneumonia (FIGURE 5a). The nature of the lesions was the same regardless } 
of whether methylcholanthrene was administered. The 3 sheep that did not 
receive extract of infected lung showed no such proliferation. 

It was suspected at first that this early proliferation might develop into 
adenoma in sheep receiving both lung extract and methylcholanthrene; later 
sacrifices, however, did not bear out that assumption. Five sheep were 
sacrificed approximately 11 months after inoculation. Of the 2 that received 
extract of infected lung, the one that did not receive methylcholanthrene 
showed slight but probably significant proliferation of alveolar and bronchiolar 
epithelium (FIGURE 5c). In 8 sheep (4 controls and 4 receiving lung extract) 
sacrificed 13 months after inoculation, the inoculated group showed nodes and 
consolidation in gross aspect and circumscribed nodules of lymphocytic infil- 
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ration on section (these 4 cases are pictured in FIGURE 6). The picture 
~epresented is that typically seen in pulmonary adenomatosis of Montana. 
(The 4 control sheep receiving methylcholanthrene alone showed only normal 
tissue. Periodic sacrifices are continuing at the present time. 

It seems evident that, although the disease has probably been successfully 
‘transmitted in these experiments, more than one year is required before clinical 
signs appear after inoculation. This period cannot properly be termed a latent 
‘one, since proliferative changes were observed in infected lungs after eight 
rmonths, to be replaced by the thirteenth month with the nodular lymphocytic 
scongestion characteristic of pulmonary adenomatosis of Montana. It was 
pointed out by Sigurdsson" that this is not a chronic disease, but a progressive 
cone. Proliferative changes in the alveolar and bronchiolar cells actually may 
Ybegin a few months after inoculation, and the earliest stages of the Montana 
‘form of SPA closely resemble the earliest stages of the highly neoplastic Peru- 
-vian form. Methylcholanthrene has shown no effect on the course of infec- 
tion to date; however, the carcinogen was administered intraperitoneally, and 
‘not at the site of virus action and in comparatively low dosage (100 mg. per 
lamb). 

Experiments are under way to effect transmission using various routes of 
administration; intraperitoneal, intratracheal, intranasal, and intrapulmonary 
inoculations have been made. Material from apparently infected lungs of the 
first experiment has been used in an attempt at serial transmission, and an 
additional group of lambs has been inoculated with new material from sympto- 
matic Montana sheep. At the present time no sheep from these groups have 
been sacrificed. 


| Discussion 


- Of great interest is the relationship between infiltrative or inflammatory 
disease and adenomatous disease, since these two aspects have been kept sepa- 
rate by custom; yet each aspect, in the case of the SPA complex, can occur 
| singly or in company with the other. A possible parallel exists in fowl lympho- 
' matosis, in which experimental infection with one form may give rise to such 
conditions as erythroblastosis, myeloblastosis, or visceral or neural lympho- 
matosis, all related serologically to the agents of the Rous sarcoma and the 
-Fujinami myxosarcoma.” In another case, the formation of sarcomas or of 
salivary gland tumors in mice occurs in mice inoculated with the leukemia 
agent.” The results imply that the agents involved are highly mutable, 
maintaining a mixture of slightly differing viruses, or that expression of disease 
depends to a large extent upon variations in cell or organ susceptibility in 
different host individuals. ; 
Either explanation serves to account for the mixed occurrence of infiltrative 
pneumonia and adenoma in sheep, although both have been transmitted in 
relatively unmixed form. Maedi (an infiltrative form) has been transmitted 
experimentally, as has Icelandic PA (largely adenomatous). Only Maedi 
seems to occur as an unmixed condition, and Maedi itself is found in areas 
overlapping that of the adenomatous Icelantic PA. Thus, it has not been 
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Ficure 7. Human pulmonary adenomatosis. Note the similarity to Icelandic PA 
(FIGURE 1b) and to jaagsiekte (FIGURE 2b) of sheep. (Specimen loaned by A. A. Liebow, Yale 
University School of Medicine, New Haven, Conn.) X250. 


demonstrated that either adenoma or infiltrative pneumonia is completely 
separable from the other, and the entire question as to whether these are 
different diseases may be meaningless for the present. In the end, it may be 
necessary to resolve such differences by some arbitrary definition. 

Many animals, including man, show conditions essentially similar to SPA, 
both in histology and in clinical course. In man, PA was first described, in 
1876, by Malassez® but, judging from reports in the literature, this disease has 
increased greatly in incidence during roughly the same period of time in which 
SPA has increased. It has been estimated that about 1 per cent of all human 
lung neoplasm is PA. The disease in man differs from that in sheep almost 
solely in the incidence of metastasis, which is much higher in the former. Other 
features of PA in man are very similar to those encountered in SPA: dyspnea, 
rapid and shallow breathing, moist rales, emaciation, exhaustion, little or no 
fever in uncomplicated cases, and eventual termination in death over about 
the same period as in SPA, unless supervened by early surgery in cases lacking 
bilateral dissemination. Histologically, the diseases in animals and man are 
indistinguishable (FIGURE 7), with the qualification that in man no evidence has 
been brought forward to indicate that sterile progressive pneumonias are 
related to adenoma. The similarities between PA of man and sheep, however, 
have been observed by many workers.4?®° 

Epidemiologically, there is no reason to believe that PA in man is infectious. 
Irregularities in distribution are clearly accountable for by occupational 
environment. Thus, silicosis may be followed by PA. 

Many bacterial and other conditions in man give rise to lung lesions that 
bear some resemblance to PA.5-°° Proliferation in bovine lungs is said to 
follow nutritional irregularity or the ingestion of large amounts of certain 
minerals.** Although the role of nonspecific stimulation in the genesis of 
tumors 1s not well understood, it is difficult to account for the inexorable course 
of neoplastic diseases such as PA solely in terms of irritation, particularly when 
metastasis to distant organs occurs. Consequently, it appears that PA can 
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be considered an entity separate and distinguishable from pneumonia and 


metaplasia resulting from irritation. 

On the basis of its clinical progression and its general similarity to SPA, 
C. Bonne™ and J. Sims®™ have suggested the possibility of a viral origin for 
human PA. Since those suggestions were made, further study of SPA by 
workers in South Africa, Iceland, and the United States, plus many recent 
experiments with animal neoplasia in general, have revealed mechanisms of 


viral epidemiology that explain how a viral disease might be very difficult of 


detection as such, as, indeed, is often the case. Since many of these mecha- 
nisms tend to obscure the viral etiology of SPA, they are of particular interest 
in consideration of the origins of neoplasms generally. Some significant 
features of SPA may be described as follows: 

(1) The “latency,” or slow, progressive development of SPA, has been well 
established experimentally by several groups of workers. An asymptomatic 


period of several years between the time of infection and the appearance of 


clinical signs obviously tends to obscure infectiousness as a factor in develop- 
ment of the disease. There is some reason to believe that natural SPA infec- 
tion may occur early in life, followed by a lapse of years before the disease is 
recognizable. In studies on formalin-killed vaccine against SPA Shirlaw*! 
reports that vaccination after the first month of life is not considered effective 
in preventing the disease, which subsequently develops in sheep several years 
old. Infection of the young, followed by long periods of latency, is known to 
occur naturally in the case of the mouse mammary carcinoma,® of fowl lympho- 
matosis, and of mouse leukemia.’ 

(2) In these cases, active virus can be recovered from the tissues of animals 
not showing the disease. There is good reason to suspect that infection by the 
agents of SPA may occur at a higher rate than development of recognizable 
disease, a factor also tending to obscure infectiousness. Sigurdsson!® has 
observed that lung lesions, which seem to be abortive Maedi, are found in 
healthy exposed sheep at incidences higher than those expected from the 
observed incidences of the diseases. Marsh” has suggested that some early 
lesions regress without producing disease, whereas Sigurdsson, in experiments 
on Maedi, believes that development of the disease is very slowly progressive. 
If so, many individuals should die from “natural” causes or be slaughtered 
before the disease appears. ur 

(3) The isolation of viruses giving rise to neoplastic disease is classically 
difficult to accomplish, especially when inbred lines of the animal in question 
are not available for experiment. In the case of SPA, numerous methods for 
isolation of the causative agent have been attempted by several groups without 
success until the claim of Shirlaw was made." It is evident that failure to 
isolate the causative agent of any disease in no way excludes an infectious or1- 
gin; initial failure in the isolation of neoplastic agents 1s, In fact, more the rule 
than the exception. 

In the case of SPA, infectiousness would doubtless not have been considered 
had the disease not occurred in epizootic form in certain areas. In the case of 
PA in animals and in man, although the incidence in the latter has increased 
somewhat in the last few decades, the disease has not been observed in cycles 
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or epidemics; hence, any attempt to extend the known infectious etiology of 
SPA to its counterpart in other hosts is highly speculative. On the other 
hand, information gained from the study of SPA should prompt closer examina- 
tion of animal tumors generally, with the infectious viewpoint in mind as an 
etiological possibility. 
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Part VIII. International Programs 
GLOBAL PRIORITIES IN ANIMAL-DISEASE CONTROL 


By Martin M. Kaplan 


World Health Organization, Geneva, Switzerland 


In this paper I propose to discuss aspects and possibilities of certain human- 
animal disease relationships. These relationships constitute far more of a 
challenge than do the essentially technological solutions to the well-defined 
diseases. 

The “permanent’’ agencies concerned with animal-disease control on an 
international scale are the Food and Agriculture Organization (FAO) and the 
World Health Organization (WHO), with the Pan American Sanitary Bureau 
(PASB), which serves as the Regional Office for the Americas of WHO. Their 
function in field operations, coordination of research, and international 


collaboration are described in official publications, and I refer anyone interested 


to those documents. The Office International des Epizooties (OIE), estab- 
lished in 1924, is another intergovernmental agency. It meets annually, 
has working commissions on special subjects with FAO and WHO participa- 
tion, and publishes and circulates official statistics on epizootic diseases. 
The only other group that can perhaps squeeze into the category of permanency 
is the “Point Four” program of the United States government, which is de- 
voted to bilateral assistance agreements with various governments. 

Another area of WHO-FAO effort is in food hygiene, particularly with 
respect to meat and milk. I pass over this aspect of our work, even though 
considerable attention is given to this field, because its interest lies in the 
application of primarily technological procedures (including the magic word 
“radioactivity’”) to populations economically and _ socially unprepared as 
yet to receive them. 


The Major Diseases 


Now a glance at the animal-disease problems having the greatest visible 
impact on public health and the economics of food production. Here we 
shall use capsule summaries of the major diseases as they affect the less de- 
veloped countries and as they may affect the more technically advanced ones. 

Foot-and-mouth disease. The difficulties in the control of this malady may 
be summarized thus: extreme communicability, with such bizarre features as 
human and avian migrants as vectors; at least seven distinct major types of 
virus with intratype variation; and costly and cumbersome methods of control, 
such as slaughter and ring vaccination with inactivated vaccines of short and 
often doubtful efficacy. A light on the horizon appears to be the successful 
development of living attenuated strains for vaccination purposes, the only 
practical answer for most countries apart from North America, northern 
Europe, and Oceania. ' 

Rinderpest. In distinction to foot-and-mouth disease, rinderpest is a rather 


743 


744 Annals New York Academy of Sciences 


easy disease to control. Effective and inexpensive living attenuated vaccines 
have been developed and are available, and even rudimentary sanitary meas- 
ures can limit its spread. The problem is how to use these tools under the 
difficult conditions prevailing in Africa and Asia, but even on these continents 
the progress has been considerable, for which we thank FAO for its energetic 
efforts. In general, the same thing may be said about contagious pleuropneu- 
monia, hemorrhagic septicemia, and anthrax, diseases of great destructiveness 
in these areas. 

Parasitic diseases. The many ailments in this category unquestionably 
take the greatest economic toll. Helminths, flukes, and blood parasites lead 
the roster. Textbook recommendations for the control of these diseases often 
fail in the face of the realities of field conditions in underdeveloped countries. 
The magnitude of the problems posed by these diseases, involving as they do 
the social organization and economic structure of these countries, is such as 
to make impossible any early solution. 

Brucellosis and leptospirosis. These two diseases illustrate the close work- 
ing relationship between WHO and FAO as they deal with zoonoses problems 
of economic and public health importance. 

The major problem at this time with respect to brucellosis les in the de- 
velopment and application of a vaccine effective in sheep and goats. During 
the past five years WHO and FAO have coordinated and supported research 
in this field, and results are encouraging. In October 1957 the joint FAO- 
WHO Expert Committee on Brucellosis will have met in Lima, Peru, to 
evaluate the experimental work carried out on brucellosis in the fifteen FAO- 
WHO brucellosis centers located in different parts of the world, and the report 
of this committee should be useful as a guide to our member countries. 

In leptospirosis, WHO and FAO have concentrated their efforts on typing 
procedures with reference to Leptospira, and in developing standard diagnostic 
tests that can be used without too much difficulty in hospitals and labora- 
tories in the routine diagnosis of this disease in man and animals. This work 
is being carried out through six WHO-FAO Reference Leptospirosis Labora- 
tories, one each in Australia, Holland, Italy, Japan, the United Kingdom, and 
the United States. 

Rabies. Most of you are aware of the considerable attention WHO has 
given to rabies, with respect to the improvement of vaccines, investigations of 
hyperimune serum in prophylaxis, and in wildlife studies. Perhaps one of 
the greatest obstacles in the way of advances in laboratory research connected 
with rabies has been the inability to cultivate the virus on tissue culture to 
any satisfactory degree. 

Hydatidosis. This disease deserves brief mention because of the extent of 
human illness it produces as well as the very great economic losses it causes in 
livestock products in South America, in the Mediterranean area, and in Oceania. 
Effective control of this disease cannot be achieved under conditions found 
in most affected areas until a better drug than arecoline is found for the treat- 
ment of dogs infested with the Echinococcus tapeworm, and until more practical 
ovacides than creolin are developed. We are encouraging research on this 
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problem, but we are not optimistic about finding an early answer because 
relatively few laboratories are working in this field. 


Diseases of Less Importance 


Now let us take a quick jump from these obvious diseases to more shadowy 
areas where future developments in human-animal disease relationships are 
likely to be most interesting and fruitful. Here we find that actual and 
potential zoonoses occupy only a part of these relationships, while essentially 
noncommunicable entities begin to call for increased attention. In keeping 
to my assignment, however, I shall deal only with the communicable diseases 
having an animal component, known or suspected, in their epidemiology. 
To remain within the limits of the space at my disposal I shall use the device 
of question and no answer. 

Do the findings of apparently specific antibodies to the polio, Coxsackie, 
and adenoviruses in domestic animals, and to canine distemper in humans, have 
any significance in the epidemiological cycles of these diseases? 

Do animal reservoirs play any part in the epidemiology of human influenza? 
Of toxoplasmosis? 

What is the evolutionary history of the arthropod-borne (arbor) viruses 
(or of any virus)? 

To what extent are the “orphan” viruses being isolated from man and 
animals species specific? The psittacosis-like organisms? What is their 
significance as disease-producing entities? 

Is rabies in nonvampire bats a new phenomenon, or have these animals long 
been involved in the natural history of this disease? Are they of any im- 
portance in its epidemiology? Apart from vampire bats, are there other 
asymptomatic carriers of the rabies virus in wildlife? 

The common denominator of these questions is that we are dealing with 


_viruses and their natural history: a rich field for speculation with commen- 


surate rewards in pragmatic achievement and intellectual satisfaction to those 
providing the keys to their solution. 

WHO is approaching these problems by taking advantage of its unusual 
opportunity to coordinate laboratory research efforts and field investigations. 
This is illustrated by animal serologic studies on human influenza antibodies, 
now under way in twenty-five countries, to determine whether animals are 
involved in the epidemiology of human influenza, and by a world-wide survey 
for Q fever prevalence recently completed. In addition, networks of labora- 
tories are collaborating with WHO with respect to poliomyelitis, treponema- 
toses, tuberculosis, malaria, and schistosomiasis, apart from influenza, rabies, 
brucellosis, leptospirosis, and hydatidosis, all mentioned previously. 


A Project of Interest 


One further project, as yet unimplemented, may be worth mentioning. 
It is clear to everyone that host-parasite relationships are continuously chang- 
ing, and it is probable that new disease entities or unsuspected human-animal 
disease relationships will evolve. Until the present time, one of the failures 
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in studies on communicable diseases has been our inability to follow the pro- 
gression of disease in geographical areas at different points of time. This 
failure cannot be attributed to human oversight, but rather to the limited 
opportunities and tools available for instituting appropriate studies. While 
conditions are better in this connection, it will be many years before there 
will be sufficient facilities to cope with the many problems associated with 
progression parameters in the epidemiology of communicable diseases. Never- 
theless, in the meantime certain steps are possible that would no doubt be of 
invaluable assistance later when more detailed studies will be feasible. This 
thought underlines the reasoning behind projected work in epidemiological 
studies based on serology. Briefly, it is planned to arrange for serum speci- 
mens to be taken from different age groups in human beings and animals in 
various parts of the world within a given span of time, to catalogue these 
specimens, and to store them in a refrigerated or freeze-dried state for examina- 
tion, perhaps many years later. Thus, where a particular study will be under- 
taken on one or more diseases, serum specimens from the human and animal 
population of a geographical area of interest would be available for examina- 
tion by qualified laboratories. 

Such work can be done uniquely by an organization such as WHO, with the 
collaboration of FAO, and should be of immense benefit in improving our 
knowledge in control efforts of communicable diseases both in the near and 
more distant future. WHO’s role would be principally that of a coordinator, 
for it should be stressed that the real contribution and effort would come 
from the collaborating laboratories and scientists throughout the world who 
have so generously contributed their services and facilities in the past, and 
who, we do not doubt, will continue to do so. 


THE PAN AMERICAN ZOONOSES CENTER 


By Benjamin D. Blood 


Pan American Zoonoses Center, Azul, Argentina 


The Pan American Zoonoses Center, located in Azul, province of Buenos 
Aires, Argentina, is an international institution with the basic objective of 
promoting and strengthening activities against the zoonoses in the countries 
of the Americas. The center serves these countries in the education and 
training of professional and lay technical personnel in techniques and methods 
to be used in combating diseases transmitted between animals and man. 
It stimulates zoonoses control and eradication campaigns in the different 
countries and coordinates such campaigns on an international basis. Its 
staff is available for consultation on problems and activities concerned with 
those diseases. It conducts research with the aim of improving diagnosis 
and control of the zoonoses, and it promotes, aids, and coordinates such re- 
search in governmental and private institutions throughout the Americas. 
It works toward standardization of diagnostic methods and procedures for 
making and testing vaccines, sera, and other biological products used for the 
zoonotic diseases. It prepares and disseminates information about those 
diseases. All of these services are aimed at helping the people of the Americas, 
with the understanding and support of their governments, to reduce the social 
and economic burden caused by uncontrolled diseases common to people and 
animals. 

The Pan American Zoonoses Center was formally established on August 10, 
1956, with the signing of the agreement between the government of Argentina, 
as host country, and the Pan American Sanitary Bureau (PASB), Regional 
Office of the World Health Organization (WHO), Washington, D. C., as the 
responsible international agency. The first staff members were assigned 
late in that year, and the work of organizing and installing the center was 
begun. The staff has since been enlarged according to definite schedule until, 
at the present time, there are four international officials and sixteen local 
employees at their posts. The number of local employees will have increased 
to at least twenty by the end of 1957. 


Location and Facilities 


A number of countries expressed interest in becoming host to the center. 
Upon careful study of each of the different proposals it was judged that the 
facilities offered in Argentina were the most adequate. 

Azul, a city of about 25,000 population located 185 miles south of Buenos 
Aires, the Argentine capital, is situated in an important livestock-raising 
region. The cooperation of the medical and veterinary professions, livestock 
breeders, hospitals, municipal authorities, and other local groups 1s an 1m- 
portant asset of this international institution. ; 

The building provided by the Argentine government 1s very well suited for 
housing the Pan American Zoonoses Center. Although built for another 
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purpose, it was never occupied until transferred for its current use. It is a 
two-story structure with space adequate for present needs in laboratories, 
offices, classrooms, and library, all of which are now complete or in final stages 
of remodeling. ‘There is land remaining on either side for additional construc- 
tion as needed. The host government provides the funds required for public- 
utility services and for the maintenance and servicing of the buildings, and 
has agreed to finance new construction as necessary. 

As an adjunct to the central facilities, the Argentine government has also 
purchased a 370-acre farm annex for the exclusive use of the center. This 
annex is less than three miles from the central site and provides the location 
for isolation units, holding pens, the laboratory animal colony, and supporting 
services. 


Administration 


The Pan American Zoonoses Center was created in response to desires of 
the American governments, as expressed both individually and collectively in 
several international meetings, political as well as and technical. Its financial 
and material support are presently derived from three sources: the host govern- 
ment, the Pan American Sanitary Bureau, and the United Nations Technical 
Assistance Program. Negotiations are now in progress to broaden the financial 
structure and to assure its operation on a permanent basis. 

The center is sponsored and administered by the PASB and is subject to 
the rules, regulations, and procedures of that organization. Other agencies 
interested in the objectives and activities of the center may participate in it 
by accepting the terms of the agreement by which it was established. 

The permanent technical staff members, including veterinarians, physicans, 
and members of allied professions, are international employees; that is, their 
posts are supported with international funds. In addition, specialists in 
various aspects of zoonosology are under contract for limited periods and are 
paid with international or special funds. The permanent supporting staff 
(that is, the lay and nonskilled personnel) is recruited locally in Argentina and 
at this time is supported by funds contributed by the host government. 


Functions and Operations 


The diseases classified as zoonoses are so vast in number that the center 
will not be able, at least initially, to give due attention to all of them. Prior- 
ities are being established in accordance with the relative impact on human 
welfare and the geographical extension of the different zoonotic diseases in 
the Americas. Accordingly brucellosis, hydatidosis, and rabies are being 
given major attention, followed by virus encephalitides, anthrax, leptospirosis, 
tuberculosis, psittacosis, trichinosis, and salmonellosis. This does not mean 
that the remaining diseases are to be ignored completely, since the center is 
intended to be a clearinghouse for information on all the zoonoses. Further- 
more, the priorities may be revised from time to time to coincide with epl- 
demiological/epizootiological changes and recognized needs of the countries. 

The center is not intended to replace government zoonoses activities, nor 
even to compete with them. Its role is to complement those activities by 
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providing services that the individual countries have not found it possible to 
develop, as well as to coordinate those activities internationally. The functions 
and services of the center are, essentially, education and training, consultation 
and coordination, laboratory services, demonstrations, research, and informa- 
tion. 

Education and training. The educational and training activities are prob- 
ably the most important part of the work of the center. The lack of adequate 
numbers of well-trained personnel, both professional workers and lay assis- 
tants, is a problem recognized throughout the Americas, although the need is 
somewhat more acute in some countries than in others. It is obviously 
impossible to carry out successful diagnostic, field control, eradication, treat- 
ment, or research work without a qualified staff. In order to help provide 
the personnel required, the center offers a variety of training courses and op- 
portunity for specialized study. 

Training methods will make maximum use of demonstration and of trainee 
participation. Lectures are supplemented with audio-visual aids, laboratory 
work is arranged so that each trainee actually practices the specific techniques 
under study, and field demonstrations make it possible for participants to become 
throughly familiar with methods for applying recognized measures of disease 
control. 

Fellowships for training at the center are provided by individual govern- 
ments and by PASB and WHO; they will undoubtedly also be provided by 
other agencies. Training is offered on both short-term and long-term pro- 
grams. Special courses, seminars, and “workshops,” of from one to twelve 
weeks’ duration are being scheduled, with attention given to special topics or 
fields of work. The individuals accepted for such training are those who al- 
ready have the necessary professional or technical preparation to continue. 

One course that will be repeated on an annual basis is for a three- to four- 
week period devoted to zoonoses control for recent graduates from schools of 
public health. The course will be for veterinarians as well as for physicians 
preparing for epidemiological or rural health assignments. Other courses to be 
held are, for example, on the laboratory procedures in brucellosis, including 
diagnosis and vaccine production, on the diagnosis of rabies, and on control 
methods for hydatidosis. An annual two-month course will be offered for 
training nonprofessional field assistants for antizoonoses work. Other courses 
and seminars will be held as needs and possibilities arise. 

Long-term training 1s offered for individuals to undertake special study in 
one or more of the many phases of work with zoonoses. These individuals 
are expected to remain at the center for at least 6 to 12 months for postgraduate 
specialization and research. It is anticipated that this type of training will 
be developed, in many cases, in cooperation with universities. 

It is highly desirable that the Pan American Zoonoses Center operate in 
close cooperation with colleges and universities. Although the exact patterns 
for such cooperation remain to be developed, there are excellent possibilities 
for the center to work with schools of public health, medicine, and veterinary 
medicine at both the undergraduate and postgraduate levels of study. One 
of the several forms that collaborations might take would be for students to 
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perform their field (thesis) work at the Zoonoses Center after having com- 
pleted the required formal courses at a university. 

The educational activities of the center also include the collection and 
distribution of audiovisual materials for use in programs dealing with the 
zoonoses. Such materials will, in addition, be developed at the center, and 
they also will be produced there on a limited scale when not already available. 

Consultation and coordination. Upon request from the government con- 
cerned the center is prepared to send members of its staff to visit countries in 
a consultative capacity on matters related to the zoonoses and their control. 
In addition, consultation services are provided through correspondence. 
Special attention is being given to the development in each country of the 
mechanism necessary for planning and operating control programs for the 
zoonoses. Such mechanisms, based on the concept of united effort, should 
provide for coordination and cooperation between public health and animal 
sanitation agencies, with maximum participation of the community. Visits 
by consultants also provide the opportunity for international coordination of 
control and eradication programs. 

Laboratory services. These services include: reference diagnosis, standardi- 
zation of antigens, vaccines, the production of sera and other biological prod- 
ucts, confirmatory testing of such products for potency and safety, and the 
distribution of strains of viruses and bacteria for production or challenge 
purposes and of standard antigens, vaccines, and sera for use in check testing. 

The center will operate a model colony of laboratory animals that will 
serve for training, demonstration, and study purposes, as well as for supplying 
foundation stock for other institutions. 

Demonstrations. The center will utilize field campaigns against various 
zoonoses in pursuance of its functions. Trainees are taken to the site of the 
work and actually participate in zoonoses control programs. Existing anti- 
zoonoses programs of the city of Azul and of the host country (at both provincial 
and national levels) serve for such demonstration purposes. Demonstration 
work will also include the development of special control programs for various 
zoonoses in different parts of the Americas, the number, type, and extent of 
such programs being dependent upon the needs, capabilities, and desires of 
the country concerned. 

Research. Research at the center is of an applied nature; that is, the evalua- 
tion of a vaccine under certain field conditions, the practical application of a 
diagnostic procedure, the assessment of drags for their antiparasitic effect, 
and similar projects. Surveys and epidemiological-epizootiological studies 
will be undertaken with respect to certain of the zoonoses. Also included under 
research is the collection and processing of statistical data on the occurrence 
and over-all importance of the diseases in man and animals. 

The needs and opportunities for research in connection with the zoonoses 
are vast, and the center itself can be expected to cover only a very small part 
of them. It is thus quite evident that public and private institutions in all 
countries must continue and intensify their research work in this field. It is 
a responsibility of the center to stimulate and coordinate such work. 

Information. Facilities are being developed so that the center may serve 


Blood: The Pan American Zoonoses Center oul 


as the source of both technical and popular information on the zoonoses. 
Library service will be an important activity, with microfilms and photocopies 
of technical references made available to investigators and control officials. 
Special priority is being given to the collection and cataloguing of books, 
periodicals, bulletins, and reports on diseases common to man and animals. 

The film library will be made as complete as possible, with a collection 
of all available films, film strips, and slide sets concerning the zoonoses and 
their control. When possible, new films will be produced on subjects on which 
no suitable material already exists. 

A periodic information bulletin is to be published; this will contain abstracts 
of the world literature on zoonotic diseases, as well as brief references to the 
latest developments in this field as they may occur in the Americas and else- 
where. 

A collection of bulletins, pamphlets, illustrated booklets, posters, exhibits, 
and other items used with success in the public-education aspects of zoonoses 
control is maintained for demonstration and loan. New material of this 
type will be prepared at the center as needs and resources permit. 


Summary 


The recently established Pan American Zoonoses Center is an international 
institution, sponsored by the Pan American Sanitary Organization (Regional 
Office of the World Health Organization) and is dedicated to promoting and 
strengthening activities against the zoonoses in the countries of the Americas. 
Its services are available to health departments, agriculture departments, 
educational institutions, and other agencies having an interest in zoonoses: the 
diseases naturally transmitted between animals and man. 

The center, which has its central site in Azul, Argentina, is designed to 
serve all of the Americas in the education and training of professional and lay 
technical personnel in techniques and methods to be used in attacking the 
zoonoses. It will also: (1) conduct research with the aim of improving diag- 
nosis, epizootiological-epidemiological knowledge, and control procedures; 
(2) promote, aid, and coordinate such research in governmental and private 
institutions throughout the Americas; (3) work toward the standardization of 
diagnostic methods and procedures for making and testing vaccines, sera, 
antigens, and other biological products; (4) prepare and disseminate informa- 
tion on the zoonotic diseases; and (5) develop field demonstration activities 1n 
accordance with the needs and desires of participating countries. 

The principal aim of the center is to promote and strengthen governmental 
activities against the zoonoses in the countries of the Americas. All of its 
activities, whether in the field of training, demonstration, research, informa- 
tion, or coordination, have been planned for that purpose. It is fully recog- 
nized that this objective can be reached only insofar as there are sound tech- 
nical activities and services in each country dedicated to research, control, 


and eradication of diseases common to man and animals. 


Summary 


By Leonard M. Schuman 
School of Public Health, University of Minnesota, Minneapolis, Minn. 


The role of summarizer of a monograph as diversified in subject matter as 
this is a difficult one, especially when the entire tone and orientation of the 
work have been so ably keynoted by the introductory presentation of J. D3 
Martin. A summarizer, furthermore, is constantly subject to the risk of 
routine repetition and the pronouncement of impressions already obvious to 
the reader. Despite the hazards of such a role, it offers the humble privilege of 
pointing out the highlights of the monograph, attempting to assess Its impact, 
and interjecting bits of philosophy and speculation while distilling the essential 
truths from the matrix of contributions. 

Although the admirable presentations of each of the contributors guarantee 
the value of this publication, a significant share of the credit must go to the 
conference chairman and the members of his organizing committee for adroitly 
bringing together the talents of the several disciplines—laboratory, epidemio- 
logical, clinical, and administrative—of human and veterinary medicine. 
From this observer’s point of view, the subject matter is happily balanced for 
topics of practical and continuing importance on the one hand and provocative 
newer knowledge at the frontiers of the life sciences on the other. 

The very title of this publication conjures up an image of human ecology, 
serving to efface the customary categorical, but nonetheless artificial, dis- 
tinctions between human and animal disease. It immediately denies the 
treatment of human and animal diseases as isolates, and serves to set the 
pace for an approach to the complex interdependence of all living matter in a 
common environment. From the papers by Hsiung and Melnick on “Orphan 
Viruses of Man and Animals,” and by M. Klein on ‘‘The Significance of Human 
Antiviral Neutralizing Substances in Animal Sera’? to the philosophically 
stimulating presentation by Cameron on ‘Parasites of Animals and Human 
Disease,” we are even more fully impressed with the underlying interrelation- 
ships of basic hving matter in the form of etiological agents of disease, despite 
the emerging host specificity of the parasites. The contribution by Hsiung 
and Melnick not only reiterates these relationships but, perforce, broadens our 
concern with respect to the potentialities of nonhuman sources of orphan 
viruses. Now that these original orphans have found a haven of security in 
the form of human disease, their importance takes on increasing significance. 
Klein’s contribution is of a similar character philosophically, for the provoking 
presence of human antiviral neutralizing substances in the sera of animals 
in which the related disease states apparently do not exist and from which the 
specific antigens have not been isolated leads to wholesome speculation. 
Whether, ultimately, a common antigen is discovered to explain these antibodies 
or antibody-like substances, or a mechanism of formation is elucidated to 
revolutionize our concepts of antigen-antibody relationships, the pursuit 
of this investigation bears great promise in furthering our as-yet-inadequate 
understanding of animal-human disease ecology. 
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Among the basic principles of epidemiology is the concept of reservoirs of 
infection. It is always desirable to have our problems appear in simple form 
so that, understanding them easily, we may achieve simple solutions. In the 
area of the zoonoses, however, the relationship of source and/or reservoir 
of infection is seldom direct and rarely simple. To paraphrase Cameron’s 
words: the complicated life-cycles of parasites; their facilitation of inter- 
change between alternative hosts by close association; their varying patho- 
genicity dependent upon recency of host acquisition; the favorability of the 
host environment for multiplication; the forms of the invading parasite; their 
essential or alternate modes of transmission, which in turn are dependent upon 
their ability to survive in transit or in contiguous species; and the phylogenetic 
or physiologic kinship of the several hosts—all complicate animal-human 
disease ecology and make our search for reservoirs of infection both frustrating 
and revealing. It is obviously this continuous challenge, coupled with the 
necessities of human health and economy, that leads to our explorations in 
the complex areas of the viral encephalitides, rabies, leptospiroses, salmonel- 
loses, plague, and typhus, to name but a few. 

If I were asked to select the most ecologically complicated entity from among 
these, my task would not be simple. Whether it be the phenomenon of 
“wintering over’ of encephalitis viruses, the reasons for geographical dif- 
ferences in endemic and epidemic vectorial spread of these viruses, the sig- 
nificance of bat rabies to human health, the multiplicity of sources of salmonella, 
or the reservoirs of plague, the complexity of these problems is exceeded only 
by our ignorance of them. Deep inroads, however, have been made. Hess 
and Holden, in their paper on ‘‘The Natural History of the Arthropod-Borne 
Encephalitides in the United States,” and Chamberlain, in his contribution 
on “Vector Relationships of the Arthropod-Borne Encephalitides in North 
America,” have presented certain areas of agreement that help substantially 
to clarify some aspects of this complex ecologic problem. They are apparently 
agreed on birds as the most common vertebrate hosts, on Culex tarsalis as both 
the endemic and epidemic vector of western equine encephalitis (WEE) and 
St. Louis encephalitis (SLE) in the western United States, on separate endemic 
and epidemic vectors for WEE, SLE, and eastern equine encephalitis (EEE) 
in the eastern part, and on Culex pipiens as the vector of SLE iu the east and of 
urban SLE in the west. In addition, Hess and Holden have presented evi- 
dence that both birds and hibernating mosquitoes are potential overwintering 
mechanisms for WEE and SLE viruses. Speculating on. the relative infre- 
quency of encephalitis epidemics in the east, these investigators have postu- 
jated that natural environmental factors must concurrently provide optimum 
conditions both for vector breeding and longevity, and that irrigation prac- 
tices in the west provide these optimum conditions. Kissling, in his paper 
on “Host Relationship of the Arthropod-Borne Encephalitides, has helped us 
to visualize the determinants of geographical spread among reservoir hosts by 
categorizing the encephalitis viruses of group A according to thers ate 
propagate in certain species, with WEE propagating in Sas bec i 
equine encephalitis (VEE) in mammals, and EEE intermediate with birds, 
however, affording the best viremia levels for transmission. 
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Although neither as complex in its host-parasite relationship nor as pro- 
ductive of human epidemics as the viral encephalitides, the leptospiroses 
represent a group of etiologically related diseases with a multiplicity, not 
only of reservoirs and sources, but of clinical syndromes in animals and man, 
Stockard and Woodward’s contributions to our clinical understanding, in their 
paper “Leptospirosis: Infections in Man,” make it obvious that, despite 
their relatively infrequent occurrence in man in outbreak form, the lepto- 
spiroses have so broad a spectrum of clinical features (ranging from short- 
term pyrexias in influenza-like illnesses, through central nervous system infec- 
tions simulating nonparalytic polio, to fulminating disease resembling fatal 
cases of yellow fever) that, coupled with the ubiquity of animal reservoirs, 
these etiologically definitive entities must constantly be considered in the 
differential diagnosis of human disease. 

The dissertation on ‘Animal Reservoirs of Leptospires’ by Babudieri 
reminds us that efficient carrier states are produced only when a satisfactory 
equilibrium between the leptospire and the host has been established. He 
notes that, while domestic animals and rodents are particularly important 
reservoirs of infection for man, pathogenic leptospires recently have been 
isolated from migratory birds. Babudieri re-emphasizes the need for con- 
current, conjoint, and integrated epizootiological and epidemiological investi- 
gations. In their paper on ‘Epidemiological Patterns of Leptospirosis,” 
Galton, Menges, and Steele reiterated the universality of these infections 
among several animal species, their pathogenicity for man, and the role of 
the animal carrier. Their presentation of epidemiological patterns in the 
United States and the human epidemic potential inherent in existing serotypes, 
as well as the discovery of new sylvatic hosts, serve to augment this observer’s 
appeal for a concerted multidisciplinary approach to the problem. 

Among the earliest recognized zoonoses, rabies has continued to constitute 
a serious threat to human populations. As such, and because of recent de- 
velopments both in the epidemiology and prophylaxis of the disease, the 
prominence given it in this monograph is justified. In reviewing “Recent 
Developments in the Epidemiology of Rabies,” Tierkel has pointed to the 
decline in canine rabies as evidence of the success of control measures applied, 
but he views with concern the increase in the disease among sylvatic vectors. 
Although it is difficult to separate reports based on field investigations and 
research or stimulated by animal-morbidity reporting systems from real 
increases in incidence, the growing awareness of ever-unfolding wildlife reser- 
voirs is salutary to the definition of the problem despite its growing com- 
plexity. Tierkel thus correctly presented the need for expanding investiga- 
tional activities in the epidemiology of the disease in wildlife. 

Of provocative interest was the paper “Bat Rabies: Experimental Host 
Transmission Studies” by Burns. This investigator’s experiments on animal 
transmission of bat rabies virus by induced association, with resultant inability 
to demonstrate transmission from experimentally and naturally infected bats 
to monkeys, guinea pigs, and white mice, as well as the lack of evidence of 
clinical recovery or of the development of efficient carrier states among inocu- 
lated insectivorous bats, will provoke, Lam sure, a flurry of laboratory and field 
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investigations of this potential reservoir of infection. Burns’ admonition to 
treat bat bites as potential exposures to rabies until more extensive studies are 
available is well made, 

Salmonellosis is rarely discussed in works on animal diseases related to human 
health. Consequently, interest in this disease appears to be confined to the 
general public, which often fails to avail itself of the care of the practicing 
physician who, in turn, rarely undertakes the etiological definition of diarrheas 
when patients do come for treatment, and of the health officers who, all too 
often, make ineffectual gestures toward control measures. It is therefore note- 
worthy that no less an expert than Edwards has presented his paper “Sal- 
monellosis: Observations on Incidence and Control” in this volume. Present- 
ing available information on cases and outbreaks in man, this investigator very 
properly calls attention to the gross inadequacy of these data as indicators of 
true incidence, and points to the similarity of serotypes in human and animal 
populations. He reiterates the frequently indigenous character of salmonellae 
in animal foods and appeals to medical and paramedical personne! involved 
+n human and animal health to institute effective measures for the control of 
infections in animals. 

Despite the rarity of even sporadic cases of plague in the United States today, 
the existence of heavily infected reservoirs among sylvatic rodents denotes our 
failure thus far to control sylvatic plague and to remove this potential threat 
to human populations. As worthy a challenge to ecologic investigation as any 
disease, sylvatic plague embodies complex relationships among the reservoir 
host, the ectoparasitic vector, and the bacterial parasite, relationships that 
have been studied very inadequately. Kartman and his co-workers, in their 
paper on “New Knowledge on the Ecology of Sylvatic Plague,” indicate studies 
in progress that will remedy these inadequacies in large measure. Of highly 
significant import is their finding that a replacement of emphasis on specific 
reservoirs must be made. Whereas prior to 1950 ground squirrels and prairie 
dogs received prime emphasis, recent years have revealed that field mice, prin- 
cipally of the species Microtus, are the important reservoir. The high infection 
rates of Microtus fleas, their prevalence in the field, and their high efficiency as 
vectors make the species Microlus a primary source of plague transmission. 
Kartman emphasized the significance of this threat to human populations by 
pointing to the suburban habitat of Microtus and its coexistence with rats in 
dumps and parks and around homes, where flea transfer to domestic rodents can 
occur. 

Murine typhus has also presented problems in ecology, although ey are not 
nearly as complex as those of plague. Pratt, in “The Changing Picture of 
Murine Typhus in the United States” reviewed the reported incidence of the 
disease in two four-year periods, noting an increase from 1941 to 1944 and a 
marked decrease from 1953 to 1956. With all due respect for the sanitation 
programs that undoubtedly contributed to the control of bod ents and ped 
ectoparasites, we cannot overlook the possibility of natural downward trends 
in rat and flea populations or the acceleration of the decline in the disease by 
more exact diagnosis with laboratory confirmation stimulated by the murine 
typhus surveillance program of the Communicable Disease Center, Atlanta, Ga. 


756 Annals New York Academy of Sciences 


The paper on “Recent Developments in Animal Ringworm and Their Public 
Health Implications” by William Kaplan and his co-workers was, In this re- 
viewer’s opinion, very welcome. The epidemiology of mycotic infections is an 
all-too-neglected field, and there is great need for inquiry and important con- 
tributions in this area. Kaplan’s proposal for a functional classification of 
dermatophytes based on epidemiological relationships and comprising three 
groups—anthropophilic, zoophilic, and geophilic—appears to be a practical one. 

If the public health importance of a disease were dependent upon the com- 
pleteness of our understanding of its epidemiology, then a number of diseases 
presently engaging our intense attention would be relegated to the unimportant. 
The lack of attention to a number of diseases that are common to animals and 
man is frustrating at times. All too frequently the lack of awareness of a dis- 
ease determines that it shall fail of recognition and intensive study. In ‘“‘Lis- 
teriosis: A Potential Public Health Problem,’’ Winn and his co-workers assert 
this for a disease whose ubiquitous agent is well known, its pathology in animals 
well documented in veterinary medical science, but whose epidemiology is most 
inadequately understood. To me this represents, primarily, a failure to apply 
an interdisciplinary approach. It is my hope that Winn’s presentation will 
stimulate our thinking in this direction. 

It is a rare disease, indeed, for which the epidemiology is relatively com- 
pletely known. In man, the several modes of disease transmission have not 
been satisfactorily worked out, and their natural histories are poorly under- 
stood. The value of the contribution of Welsh and his co-workers in their ex- 
tremely fine paper on the “‘Air-Borne Transmission of Q Fever: The Role of 
Parturition in the Generation of Infective Aerosols” lies, not only in the ex- 
cellent review material presented, but in the original work described, which 
adds to our understanding of the modes of transmission of the disease in the 
area of air-borne infection. The experimental work of these investigators on 
the production of aerosols during the parturition of inoculated sheep and the 
persistence of these aerosols in the environment is classic in form, and once 
again it emphasizes the contribution that animal-disease study can make to 
human epidemiology. 

In dealing with animal reservoirs of human disease, we customarily expect 
disease counterparts in the animal host or at least serologic evidence of infec- 
tion to denote a host-parasite state of equilibrium. Cat-scratch fever, ac- 
cording to Prier, is geographically widespread, quite common, presents a typical 
clinical picture, and is expected to increase in incidence because of man’s firm 
association with these domestic pets. Of special epidemiological interest is 
the fact that no definite clinical disease in the animal host has been recognized. 

Although Hanson and Brandly, in their discussion of ‘Newcastle Disease,” 
minimize its role as an occupational hazard among poultry producers and han- 
dlers and speak of its indirect impact on human economy principally as an avian 
disease, to the epidemiologist the rare occurrence of a disease is equal in im- 
portance to a wide-scale outbreak in the attempt to arrive at a more complete 
understanding of the agent-host-environment relationship. Not long ago 
Newcastle disease could have been included in the list of animal diseases that 
are known not to infect man. It is in this philosophical vein that Shahan and 
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Traum present their paper on “The Exotic Zoonoses,”” cautiously indicating 
that diseases of man presently not known to infect animals and diseases of ani- 
mals presently not known to infect man may be shown, as explorations con- 
tinue, to do otherwise. A point made by these investigators, that different 
species may demonstrate different manifestations of the same infection, is well 
taken. 

In this same respect Koprowski, who was given a most difficult task in find- 
ing “Counterparts of Human Viral Disease in Animals,” stresses the need for 
expanded research in the area of comparative pathology and epidemiology, 
warning us, however, to avoid “equating the unknown with the unknown” and 
overlooking species differences in clinical response. C ertainly his “curious 
finding” of poliovirus Type I in calf feces should be explored thoroughly. 

Thus far I have dealt with the epidemiological considerations of animal hosts, 
reservoirs, and agents of disease discussed or implied in the several presenta- 
tions. However, animal diseases that do not necessarily occur in man may 
have equal if subtle importance in human ecology. I refer now to a group of 
papers dealing with the study of purely animal diseases for their value as re- 
search tools in eliciting pathogenetic truths common to human disease. Pol- 
lard’s “Comparative Studies on Viral Hepatitis in Animals and in Man” deals 
with the use of mouse hepatitis virus as a possible prototype of the human dis- 
ease in lieu of work with the human virus, which is not transmissible to other 
animals and which thus far has not been grown in tissue culture. This work is 
illustrative of the methodology necessary to circumvent obstacles in the study 
of human disease. 

It is gratifying that this monograph does not confine itself entirely to acute 
communicable disease, but seeks to explore the comparative pathology of cer- 
tain chronic diseases or chronic sequelae to infectious disease in animals that 
show histological configurations similar to those of important diseases in man. 
The contributions of Sikes on “A Comparison of Rheumatoid-Like Arthritis in 
Swine and Rheumatoid Arthritis in Man” and of Duran-Reynals and Rafferty 
on “The Pulmonary Adenomatosis Complex in Sheep” are cases in point. An 
approach via comparative pathology might not reveal identical underlying 
etiologies for the counterparts of human disease, but it should yield information 
of great value in the study of neoplastic and other chronic diseases of man. 

I should not overlook the area of diagnostic tests in the zoonoses. Gochenour 
and his co-workers, in reviewing the “Laboratory Diagnosis of Leptospirosis,” 
presented the merits and disadvantages of the several tests employed. In 
their hands, the killed-antigen agglutination test gave results identical to those 
with live antigen. In discussing more recently developed tests, these investi- 
gators noted excellent correlation of the capillary tube test of Stoenner with 
live antigen. More nearly genus-specific antigens, such as the sonic-vibrated 
complement fixation (CF) tests of Randall, the erythrocytic sensitizing test of 
Chang, and the hemolytic test of Cox, requiring but a limited number of anti- 
gens, yielded only fair correlation with agglutination tests. Gochenour and his 
collaborators expressed the need for a more rapid means of recovering lep- 
tospires and for a simple, inexpensive, sensitive, genus-specilic test for local 
laboratories. Itis gratifying, however, that work in this direction is proceeding. 


758 Annals New York Academy of Sciences 


The detection of ornithosis in domestic fowl is grossly inadequate at best. 
Benedict, exploring the indirect CF test and modifications of the direct CF testa 
along with an intradermal test, found 70 to 85 per cent agreement between the 
allergic and serologic tests and proposed the application of the intradermal test 
as the most practicable for ornithosis surveys. It is hoped that field tests of 
the method will provide us with the necessary tool for augmenting control of 
this economically devastating and, at times, human epidemic disease. 

The ultimate goal of laboratory workers, clinicians, and epidemiologists is 
the control of disease. This monograph includes reports of satisfying achieve- 
ments in several disease areas. Sussman, Cohen, and their co-workers applied 
EEE vaccine to flocks of pheasants in New Jersey during the 1956 epizootic, 
with surprisingly good results. Of significance is the fact that appreciably less 
than 100 per cent vaccination of a flock during an outbreak will provide reason- 
ably high protection for the flock as a whole, with evidence that nonvaccinates 
in a partially treated flock also enjoy relative protection. Applied prior to an 
outbreak, partial treatment of a flock gave even higher protection rates. To 
an epidemiologist this work represents more than the achievement of a practical 
tool to control an animal disease that is both of economic importance and a po- 
tential hazard to man. In it I can see a striking example of experimental 
epidemiology in the field, a sadly neglected area of inquiry since the pioneering 
work of Greenwood. Furthermore, the study on partial flock immunization 
represents a direct counterpart of human population immunization phenomena, 
with the significant exception that the latter have involved conjecture more 
often than analytic observation. As such, the pheasant study represents an 
epidemiological model with aspects that may throw light upon human epidemic 
dynamics. 

In turkey ornithosis, Delaplane succeeded in establishing prophylactic levels 
of chlortetracycline with apparent total suppression of virus when dosage of 
more than 200 gm. per ton of feed for two weeks, or 200 gm. per ton for three 
weeks, was employed. Furazolidone was found to be ineffective. Of collateral 
epidemiological interest was Delaplane’s finding that virus was apparently not 
transmitted via the egg even during the viremic stage when infection potential 
is highest. The application of these observations may well augment our efforts 
at control, despite our lack of an active immunizing agent. Its indirect sig- 
nificance in human disease prevention is quite obvious when we realize the 
epidemic potential of this disease reservoir. 

In charting the development of prophylactic measures for the contro! of rabies 
in domestic animals, Kaeberle very properly stressed the fact that the con- 
tinuous attempts to develop attenuated living virus vaccines were indicative 
of the inadequacy and disadvantages of vaccines of nervous tissue origin. The 
effectiveness of avianized low-egg-passage Flury-strain vaccine has now been 
well demonstrated for dogs, and the application of high-egg-passage vaccines 
to cattle is a recent bright spot in our progress. 
| What has been said of rabies vaccines for domestic animals applies equally, 
if not more so, to human prophylaxis. Here a sword of Damocles has hung on 
a finer thread, and the formidable specter of treatment reactions has plagued 
us since the days of Pasteur. The advent of hyperimmune serum was another 
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symptom of our failure to achieve a safe and efficient vaccine for humans. 
Serving not as a substitute but, in a sense, as an adjuvant to vaccine, hyperim- 
mune serum augments our treatment, but fails to obviate the hazard of reac- 
tions. It was inevitable, then, that chick-embryo-adapted living virus vac- 
cines should be applied to volunteer human groups. 

Although at this moment field experiments on seroimmunity reveal phe- 
nolized vaccines to be most efficient, the demonstrations by Fox, in collaboration 
with the World Health Organization (WHO), of the practicality of pre-bite long- 
term immunization by primary and booster vaccinations with high-egg-passage 
Flury vaccines and the rapid antibody response in Pasteur-treatment-condi- 
tioned individuals to boosters of the avianized vaccine hold great promise for 
human prophylaxis. Certainly their implications for persons at high and rela- 
tively constant risk is quite obvious when we consider the reaction potential in 
repeated immunizations effected by Pasteur techniques. 

Brucellosis, which has suffered an unwarranted loss of emphasis in many con- 
ferences on the zoonoses, is not neglected in this monograph. Despite the op- 
timism expressed by Mingle in his paper on “Brucellosis in Livestock: Control 
and Eradication” with respect to bovine disease, and despite his prediction that 
there will be less than 1 per cent infected cattle in the United States by 1960, 
a note of pessimism was injected by McCullough who, although he noted the 
great strides made in control of bovine brucellosis, stressed the lack of attention 
paid to swine brucellosis and the virtual lack of efforts toward controlling it. 
When one considers the fact that, today, this disease is found predominantly 
among packing-house workers and others who handle animals, one must be 
concerned over the possibility that a significant level of human brucellosis will 
be maintained far short of the irreducible minimum (not to mention complete 
eradication) even after bovine brucellosis is virtually eradicated. 

The complexity that animal-human disease relationships may assume, and 
the gross alterations in epidemiology and control applications that may be in- 
duced by economic factors is well illustrated by anthrax. In their paper “Tn- 
dustrial Anthrax’? Brachman and Fekety have quite competently demonstrated 
the shifting sources of infection through improvement of animal health and 
have described the impact of war, which changes the source of contaminated 
raw materials, and technological advances such as the development of plastics 
and synthetic fibers that completely remove certain animal materials from the 
list of hazards. The bulk of anthrax today is industrial rather than agricul- 
tural and, in industry, goat-hair processing presently constitutes the principal 
source. Here is an admirable example of the need for constant epidemiological 
appraisal of a problem so that we may remain poised for attack from any quar- 
ter. Of additional significance in Brachman and Fekety’s contribution is their 
interesting approach to the question of achieving human immunity by pro- 
longed exposure. The data of these investigators suggest that such immunity 
does not develop. 

Bovine tuberculosis has received little attention in more recent years, chiefly 
because of the tremendous success of its control program. In his contribution 
on “The Public Health Importance of Animal Tuberculosis” Anderson has cited 
the gains made by the now-historic program of tuberculin testing of herds, 
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slaughter of reactors, and tracing of sources of infection. The relatively rare 
cases of bovine tuberculosis in humans speak well not only for the SUCCESS of 
the control program but, unfortunately, also connote our failure to eradicate 
this disease completely. It must be remembered that Modified Tuberculosis- 
Free Area Certification still implies a maximum of one half of 1 per cent 
individual animal! infection. It is the history of human populations that com- 
placency leads to apathy, and apathy to disaster. Our attitude is unfor- 
tunately tied to our definition of the word “problem.” To some, this means only 
clinical disease either in man or in animal reservoirs; to me (and, I hope, to 
many others) it means a great deal more, for it includes the potential of in- 
dividual and epidemic hazard even after mass control has been achieved. It 
matters not whether it be diphtheria or bovine tuberculosis, for it is the very 
essence of life that new generations without immunity, without protection, and 
without knowledge shall be born. Thus, eternal vigilance directed toward un- 
relenting maintenance of control becomes the second phase of every problem 
of disease control; bovine tuberculosis is no exception. 

The interdependence of animals and man and their ecological relationships 
in disease can lead literally to rather inhuman applications. Hempy, in his 
fine summary of “Animal Disease and Biological Warfare,’ presented the 
general philosophy of the use of disease agents in biological warfare as a method 
of reducing a nation’s military effectiveness. He stressed the fact that aerosols 
are readily deliverable by any country and that there are no secrets among 
nations relative to potential infectious agents of disease. Because of the 
attributes that such microorganisms must possess to be effective agents in war- 
fare, the number available is actually limited. These attributes include: high 
infectivity, simple dissemination, ease of production, inefficiency in the produc- 
tion of solid immunity, high lethality (or at least pathogenicity), and mutability 
toward resistance to chemotherapy. In addition to the direct aerosol applica- 
tion of suitable zoonotic microorganisms to human populations, the application 
of aerosols to crops and food animals could result in fatal reduction of food sup- 
plies. Hempy emphasized that our preventive techniques are an advantage 
in this area, but they certainly provide no cause for complacency. More agents 
of effective active immunization, both for man and for animals, are needed; 
Hempy’s precise delineation of the problem should serve as a stimulus in this 
vital field. ° 

This monograph includes problems not only of national but of global im- 
portance. For the vast number of diseases of man, whether of human or 
animal origin, it has frequently been stated that, as long as a disease exists 
anywhere in the world, it remains a constant threat to populations in more 
favorable positions. The underprivileged countries of the world, with their 
more numerous problems of animal disease of direct or indirect importance to 
human health and food availability, must be treated altruistically and with 
humanitarianism. These were the implications of Martin Kaplan’s discussion 
of “Global Priorities in Animal-Disease Control.’? The aggressive and well- 
conceived programs of animal-disease control of the World Health Organiza- 
tion (WHO), in collaboration with the Food and Agriculture Organization 
(FAQ) and the Office International des Epizooties (OIE), should achieve not 
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only the objectives of animal and human health, but should provide valuable 
field data contributory to even newer epidemiological knowledge and control 
techniques. In this regard, it is quite admirable that the integration of the 
several disciplines involved in animal and human health has progressed to the 
point that animal sera will be collected and stored for future titrations to deter- 
mine possible relationships between swine and human influenza as human epi- 
demics rise and fall. In the same spirit of international cooperation and joint 
solution of problems of animal-human disease is Blood’s paper on el Theshan 
American Zoonoses Center.” 

In conclusion, at the risk of being redundant, may I say that, far and above 
the valuable technical contributions to our understanding of animal disease 
and human health, there must have come to the reader, as it has to me, an 
appreciation of the vastness of the interrelationships between animal and human 
disease, and of a compelling need for a concerted, integrated, multidisciplinary 
team approach to their problems which can no longer, due to our growing aware- 
ness, be separated into distinct categories of animal as opposed to human dis- 
ease. No one discipline can provide the technical prowess necessary for the 
solution of problems of such complex ecology; this has been made abundantly 
clear throughout this publication. Furthermore, no one discipline can afford 
the luxury of neglecting to seek the aid of others. Animal and human health 
problems reside within the same continuum; they cannot be removed and 
studied as isolates. Their mutually inclusive interdependence thrusts itself 
upon us daily. It is my firm conviction that, if we took the energies that we 
expend in duplicating inquiries and studies and, all too often, in exalting one 
discipline while disparaging another, and converted a portion of these energies 
to the organization of a horizontal partnership, we should much more rapidly 
fill in the missing gaps in our knowledge of disease and more quickly solve the 
problems that face us. This, I am sure, is what J. D. Martin meant by the 
sharing of problems as well as knowledge. This, then, I hope to leave with 
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